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ABSTRACT
The Brunner Coal Measures comprise up to 300 metres of sandstone, 
mudstone, coal and conglomerate at the base of an Eo-Oligocene 
transgressive sequence in North Westland. They generally contain one 
laterally extensive coal seam that is locally up to fifteen metres thick. 
Seam-splitting is generally simple but in places complex multiple splitting 
occurs and coal of mineable thickness may be absent. Regional 
differences in total thickness and local variations in seam thickness largely 
reflects variations in local rates of subsidence and syn-depositional faulting.
Lithofacies characteristics and palaeocurrent data indicate both high 
and low sinuosity streams were contiguous with backswamp and 
floodplain environments. The migration of river channel systems and 
hence the presence, thickness and lateral extent of coal (and mudstone) 
and the development and type of splitting, were primarily determined by 
local subsidence patterns. Lithofacies of the uppermost Brunner Coal 
Measures and lowermost Rapahoe Group indicate a diverse range of 
coastal environments were contiguous with the Brunner alluvial plain and 
that local transgressive histories ranged from simple to complex.
Brunner coals are sub-bituminous to low volatile bituminous in rank 
and are generally high in vitrinite (85-95%). Very low ash yields (less than 
1%) suggest high-moor phases dominated the life-span of many peats; 
low intertinite (and an absence of fusinite) suggests continually wet 
conditions. Exinite content is generally low (less than 10%). High exinite 
contents (25-40%), indicative of sapropelic conditions, are restricted to 
one area. Locally, high to medium volatile bituminous Brunner coals 
exhibit upward within-seam decreases in vitrinite reflectance of the order of
IV
0.05-0.15%Romax over vertical intervals of several metres. Perhydrous 
coals at the top of seams (relative to the middle) are invariably 
accompanied by high organic sulphur (and low nitrogen content). Both 
the perhydrous nature of vitrinite and high organic sulphur content are 
probably due to enhanced anaerobic decay associated with the presence 
or subsequent introduction of brackish waters into peats. The occurrence 
of high organic sulphur without a similar development of perhydrous 
vitrinite at the base of seams is less readily explained. Multivariate 
regression techniques suggest vertical within-seam changes in both the 
hydrogen content of vitrinite and organic sulphur content contribute to 
vertical within-seam changes in maximum fluidity and initial swelling 
temperature.
The geometry of Brunner seams has largely been determined by 
fault-related syn-depositional subsidence. Petrological characteristics of 
Brunner coals have been substantially influenced by their paralic setting. 
Lateral changes in rank in the Greymouth and Buller Coalfields reflect 
differential subsidence in the Paparoa Trough half-graben during the 
Eocene and Oligocene. Subsequent tectonic inversion of the Paparoa 
Trough has led to the uplift of the major depo-centres such that the zones 
of highest coal rank now lie close to the present crest of the Paparoa and 
Papahaua Ranges. Limited vertical rank data suggests geothermal 
gradients in the Paparoa Trough were average to moderately high. High 
lateral rank gradients in the western Buller Coalfield may reflect a 
combination of non-linear temperature/vitrinite reflectance relationships, 
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This thesis aims to infer the depositions setting of the Brunner
Coal Measures in the Buller and other coalfields, and evaluate factors
which have influenced the occurrence, geometry, splitting and
petrological characteristics of Brunner coal seams.
Specific aims of the study are to:
(i) collate and synthesize thickness and stratigraphic data of 
importance to seam correlation and interpretation of basin 
development.
(ii) interpret fluvial, overbank and coastal environments contiguous 
with Brunner peats.
(iii) evaluate the interaction of sedimentary processes and 
syn-depositional subsidence on coal seam occurrence, thickness, 
geometry and splitting.
(iv) provide a comprehensive description of the petrographic 
characteristics of Brunner coals.
(v) investigate the occurrence of, and relationships between, 
vertical within-seam differences in vitrinite reflectance (over 
several metres), organic sulphur and rheological properties.
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(vi) provide an understanding of the high lateral rank gradient in the 
western part of the Buller Coalfield and the coalification history of 
Brunner coals in general.
BACKGROUND
The Brunner Coal Measures
The Brunner Coal Measures crop out in uplifted blocks throughout 
North Westland, New Zealand (see general views Plate I). The main 
areas of outcrop are the Buller, Reefton-Garvey Creek and Greymouth 
Coalfields. Smaller areas of outcrop are distributed throughout North 
Westland (Figure 1.1). The outcrops comprise the eroded remnants of 
what was once an extensive coal measure cover. Sub-surface occurrence 
of the Brunner Coal Measures in the Inangahua Valley can be inferred 
from the regional geology, and in the Grey Valley and south of 
Greymouth, have been confirmed by oil exploration wells (Figure 1.1).
The Brunner Coal Measures are of Eocene age and generally 
comprise 30-100 metres of quartzose sandstone, grit and basal 
conglomerate, minor mudstone and coal seams. Locally some 
sequences are up to 300 metres thick. Typically, the Brunner Coal 
Measures contain one mineable coal seam that is locally very thick 
(10-20 metres) and laterally extensive. Other seams, if present, may 
be numerous but are of limited lateral extent and are too thin to mine. 
The coals are high in vitrinite, have low to very high sulphur content and 
moderate to exceptionally low ash yield. The rank of Brunner coals 
ranges from sub-bituminous to low volatile bituminous.
The Brunner Coal Measures are fluvial deposits and occur at the 
base of a transgressive sequence (Rapahoe Group). They rest 
unconformably on a variety of older units. The general setting, prior to
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and at the time of deposition, was one of prolonged tectonic 
quiescence and extensive chemical weathering, followed by regional 
subsidence and rising sea levels.
Definition and Nomenclatura! Status of the Brunner Coal Measures 
(Formation) and the Rapahoe Group
The name "Brunner" has a long history of nomenclatural 
modification. It originated in the Greymouth Coalfield where Morgan 
(1911), distinguished two sets of coal measures, the upper extremely 
quartzose "Brunner beds" and the lower "Paparoa beds", characterised 
by lithic grains and clasts. The name "Brunner beds" was also given to 
similar quartzose coal measures in the Buller region (Morgan and 
Bartrum 1915). In the course of detailed mapping, Gage (1952), 
proposed the name "Brunner Formation" for the quartzose coal measures 
in the Greymouth region; the term is slightly more restrictive than the 
usage of Morgan (1911). Nathan (1974), in proposing a regional 
stratigraphic nomenclature for the Cretaceous-Lower Quaternary rocks 
of Buller and North Westland, introduced "Brunner Coal Measures" as a 
formational name. (The term "coal measures" usually has group status.) 
The Brunner Coal Measures occur throughout North Westland at the 
base of a transgressive sequence whereas the Paparoa Coal 
Measures are restricted to the Greymouth and Pike River Coalfields. 
Beyond the Greymouth Coalfield, sandstone of the Brunner Coal 
Measures may comprise sub-arkose or arkose. Some basal 
conglomerate units contain sparse to abundant granitic or lithic clasts.
The basal contact of the Brunner Coal Measures is generally sharp 
and unconformable. In the central part of the Greymouth Coalfield, 
the upper Paparoa and Brunner Coal Measures have similar
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palynological ages but compositional contrasts indicate a hiatus in 
deposition.
The Brunner Coal Measures are conformably overlain by the 
Rapahoe Group but the contact has never been formally defined via a 
type section, or reference sections. In some instances the location of the 
contact is obvious but in others the similarities and overlap of both 
stratigraphic units necessitates a considered evaluation. The lowermost 
Rapahoe Group has been included in the study to gain an appreciation 
of the wider depositional context of the Brunner Coal Measures. 
Throughout much of North Westland, sandstone and mudstone of the 
basal Rapahoe Group have been included in the Kaiata Formation. Some 
of the basal sandstone units have been given separate formational status 
(e.g. Island Sandstone, Greymouth, and the Little Totara Sand, 
Charleston). Two new formations are proposed in this study for thick 
sandstone units with distinctive features at the base of the Rapahoe 
Group (Millerton Sandstone, Buller Coalfield; Silvermine Sandstone, 
Garibaldi Ridge; Figures 1.2 and 1.3). Details of the basal and upper 
contacts of the Brunner Coal Measures are outlined in various sections 
on coalfield geology.
In the central part of the Greymouth Coalfield, Nathan et al. (1986) 
and Newman (1985a,b) have invoked a disconformity within the Brunner 
Coal Measures. Nathan et al. (1986) have referred to Brunner (P) Coal 
Measures (lower) and Brunner Coal Measures (upper). However, it is 
the opinion of the author that this may have resulted from the labelling of 
basal Island Sandstone, which locally contains thin coal seams, as 
Brunner Coal Measures. If this assertion is correct then the central part 
of the Greymouth Coalfield is characterised by an unconformity between 
the Island Sandstone and the Brunner Coal Measures, whereas in
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other parts of the Greymouth area, the contact is conformable. Details 
are presented in Chapter Six.
Geological History of North Westland
The thickest Brunner Coal Measures were deposited in areas that 
were active depo-centres during the Late Cretaceous. These areas also 
became the site of greatest subsidence during the middle Tertiary and 
contain coal seams of bituminous rank. The following outline 
amplifies the depositional context of the Brunner Coal Measures within the 
Late Cretaceous-Recent geological history of North Westland. A 
generalised stratigraphy of the Westland region is presented in Figure 1.2. 
The New Zealand region was characterised by a period of 
compressional tectonics, complex structural deformation and granitic 
plutonism (Rangitata Orogeny) that terminated during the early 
Cretaceous. It was succeeded by a tensional regime during the middle 
Cretaceous, which initiated separation of New Zealand from the 
Antarctic-Australian continents about 80 million years ago and opening of 
the Tasman Sea (Hayes and Ringis1973). This resulted in the 
formation of a rift system throughout the western part of New Zealand 
(Kamp 1986). In the North Westland region rifting was expressed as a 
narrow, elongate, north to north-east trending graben or half-graben 
depo-centre from the late Cretaceous to Eocene, known as the "Paparoa 
Tectonic Zone" (Laird 1968) or "Paparoa Trough" (Nathan etal. 1986). 
Laird (1981) interpreted the Westland region as an area of incipient 
continental separation and a "failed arm" of the triple junction of a rift 
system. In the Greymouth region, the Paparoa Tectonic Zone is 
associated with basaltic volcanics (Nathan 1978b; Gage 1982). In the 
Buller region it is associated with lamprophyre dykes, magnetic 
anomalies and probable lamprophyric magmas at depth (Hunt and 
Nathan 1976). Since the Miocene, the Paparoa Tectonic Zone has
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been characterised by uplift and eversion so that at present, the thickest 
lower-middle Tertiary sequences occur along the axial parts of the 
Paparoa and Papahaua Ranges.
North to north-northeast trending horst and graben features 
developed throughout North Westland in the mid-late Cretaceous. The 
grabens contain up to 4500 metres of alluvial fan Hawks Crag Breccia 
and 1500 metres of lake and flood-plain Ohika Formation (Nathan 
1978a).
Sedimentation in the southern part of the Paparoa Trough (Pike 
River, Greymouth, Hokitika) began in the late Cretaceous with 
syndepositional faulting, and deposition of up to 2000 metres of 
Paparoa Coal Measures. The basal Paparoa Coal Measures are 
characterised by alluvial fan deposits derived from local scarps, and by 
locally restricted alkaline volcanism. Thick lake deposits accumulated 
between tectonic pulses. The middle and upper Paparoa Coal 
Measures comprise fluvial, lacustrine and peat swamp deposits with 
rapid thickness and facies changes (Bowman and Newman 1983; 
Newman, 1985a,b).
By the end of the Late Cretaceous-Early Paleocene, the North 
Westland area had been reduced to a peneplain, and regional 
subsidence, accompanied by marine transgression, began. Prolonged 
chemical weathering and frequent re-sorting of a limited supply of 
waste produced a quartz-rich residuum. The Brunner Coal Measures 
were deposited on a peneplain as a result of rise in base-level during 
regional subsidence and marine transgression (Gage 1949, 1952; 
Suggate 1950). Thickness variations are primarily due to local 
differential subsidence. The thickest Brunner Coal Measures (i.e. 
greater than 100 metres) were deposited in the Paparoa Trough, the
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Reefton Basin and smaller depo-centres of Mount Garibaldi and Mount 
Patriarch (evidence for others may have been removed during erosion of 
Tertiary cover). The thickest occurrences of Brunner Coal Measures 
tend to be sites of formerly active subsidence. In the Greymouth 
Coalfield (southern part of the Paparoa Trough), the thickest Brunner 
Coal Measures coincide with the thickest Paparoa Coal Measures. In 
the southernmost part of the Buller Coalfield (northern part of 
Paparoa Trough) and in the Garvey Creek area (Reefton Basin), the 
Brunner Coal Measures respectively overlie the Hawks Crag Breccia 
(Nathan 1978) and the Topfer Formation (Suggate 1957).
Microfloral and microfaunal evidence suggest regional subsidence 
and transgression began in the south and proceeded northwards. The 
Brunner Coal Measures are of Early to Middle Eocene age in the 
Greymouth area, and Middle to Late Eocene in the northeastern part of 
North Westland. The conformably overlying Kaiata Formation ranges 
from Late to Middle Eocene In the south, to Late Eocene In the north 
(Nathan et al. 1986).
Regional subsidence continued throughout the Late Eocene and 
Oligocene with deposition of extensive marine siltstones and 
limestones. In the Paparoa Trough, maximum burial occurred during 
the Late Eocene and up to 2000 metres of sediment were deposited in 
the Greymouth area (Gage 1952; Nathan 1978b, 1986). High coal ranks 
(Suggate 1959; Nathan et al. 1986) also suggest similar thicknesses of 
marine rocks were deposited in the Westport area and Reefton Basin.
The Murchison Basin did not attain maximum burial until the Pliocene 
(Nathan et al. 1986).
Local faulting and uplift along the Paparoa Tectonic Zone, during 
the Late Eocene-Early Oligocene produced locally thick marine breccias
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or conglomerates. They were derived from the east in the Greymouth 
and Arahura areas (Omotumutu Formation, Gage 1952; Laird 1968) 
and from the west near Westport (Torea Breccia; Laird and Hope 1968) 
and Kongahu areas (60 kilometres north of Westport; German 1976).
During the Miocene and Pliocene, the Paparoa Tectonic Zone was 
uplifted and eroded whilst marine sedimentation continued to the east 
(Grey Valley Syncline) and to the west. Similarly in the Inangahua area 
a narrow rising high was flanked by areas of continued and 
predominantly marine sedimentation. Local non-marine deposits 
(Rotokohu Coal Measures, Miocene) represent a progradational 
response to local derivation of detritus from uplifted highs (Suggate 
1957). At the end of the Pliocene, the North Westland area was 
relatively flat. It comprised eroded land areas raised during the 
Miocene, alternating with thick sedimentary troughs (Nathan et al. 1986).
Rapid regional uplift, beginning in the Late Pliocene-Early 
Pleistocene and continuing to the present day, has produced the 
Paparoa-Papahaua Range (along the site of the former Paparoa Trough) 
and Victoria Range. These ranges supply detritus to the actively 
subsiding Grey and Inangahua Valleys.
Rank Variation in North Westland
Coals and phytoclasts from the Brunner, Paparoa and Rotokohu 
Coal Measures and other North Westland formations range in rank from 
sub-bituminous C to low volatile bituminous (0.3-1.7% Romax). The 
north to north-northeast orientation of iso-rank contours (Suggate 
1959; Nathan et al. 1986; Figure 1.4) is a consequence of 
Eocene-Pliocene burial patterns (above). These are most pronounced in 
the Paparoa Tectonic Zone where high rank is associated with an
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extremely high lateral rank gradient, e.g. in the Buller Coalfield vitrinite 
Romax increases from 0.9 to 1.4 percent over 2.5 kilometres.
Mining and Oil Exploration
By world standards the scale of mining of Brunner coals is very small. 
In 1984 the total tonnage of Brunner coals mined was about 500,000 
tonnes and of this nearly 300,000 tonnes were mined from the Stockton 
and Webb Opencast Mines (Carr and Kenny in prep; revision of Taylor 
and Kunz 1983). Measured, indicated and inferred reserves total 150 
million tonnes, and the chances of further discovery of large easily 
recoverable reserves are small. Coal mining has been of major 
importance to the North Westland economy and will continue to be until 
reserves are exhausted. Coal from the Stockton and Webb Mines is 
exported for use as a component in a coking blend. Other uses for 
Brunner coals include boiler feedstock, cement manufacture and 
domestic fuel. Recently, the possibility of utilising very low ash 
bituminous coals from the Webb/Baynes area (Buller Coalfield) for 
carbon anode manufacture, has been investigated (Applied Geology 
Associates 1983).
The Brunner and Paparoa Coal Measures are potential source-rocks 
for oil and gas. Oil seeps have prompted drilling of exploration wells 
mainly on anticlinal structures in the Grey Valley (Kotuku Anticline) 
and Taramakau-Arahura River (Kawhaka Dome) areas, east of Hokitika 
(Figure 1.1). Despite generally favourable trap reservoirs and maturation 
conditions, only traces of oil and gas were found in one off-shore and 
six on-shore wells. It would appear that hydrocarbons have 





The general geology of the Buller-Mokihinui, Greymouth and 
Reefton-Garvey Creek Coalfields have been described in New Zealand 
Geological Bulletins Numbers 17 (Morgan and Bartrum 1915), 50 (Gage 
1952) and 56 (Suggate 1957). Some aspects of areas of the Buller 
Coalfield have been described in more detail in various reports, e.g. 
Millerton (Hope 1968; Applied Geology Associates 1985), Blackburn 
(Fyfe and Wellman 1937), Webb/Baynes (Sherwood 1981; Applied 
Geology Associates 1983), Stockton (Sherwood 1981; Applied Geology 
Associates 1984a), Rockies (Applied Geology Associates 1984b) and 
Mount Frederick (Suggate 1981). Accounts of the smaller coalfields 
have been described in a number of published and unpublished 
reports; these include Punakaiki (Wellman and Schofield 1949); 
Heaphy (Wellman 1948); Karamea (Wellman 1949); Pike River (Wellman 
1949; Newman and Newman 1982); Newton River (Suggate 1947); 
Flat Creek (Suggate 1948); Charleston (Penseler 1937; Nathan 
1978); Fletcher Creek (Suggate and Wellman 1949) and Nada Creek 
(Nathan 1976). Published maps in addition to those accompanying 
bulletins include "Buller” 1:250,000 (Bowen 1964), Foulwind and 
Charleston, 1:50,000 (Nathan 1975) and Greymouth 1:50,000 (Nathan 
1978). A summary of the general features of the various coalfields is 
outlined by Willett (1965). Reviews of regional basinal history, 
encompassing geological, palynological and palaeontological data have 
been presented by Suggate (1951) and Nathan et al. (1986).
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Coal Studies
Regional rank variation patterns based on proximate analysis 
(Wellman 1952; Suggate 1959) and vitrinite reflectance data (from 
thesis studies by J. Newman, University of Canterbury, and the author, 
incorporated in Nathan et al. 1986) have been established for the main 
coalfields of the North Westland region (Figure 1.3). The measurement of 
vitrinite reflectance is relatively new to studies of both North Westland, 
and New Zealand coals in general. Prior to 1981, the most 
comprehensive study comprised a listing of Ro for 44 samples from the 
Brunner and Paparoa Coal Measures (Black 1980). A few miscellaneous 
vitrinite reflectance measurements had been cited in other studies 
(Chandra 1965; Mossman 1971). Since 1984, petrographic studies have 
been incorporated in analytical programmes as a matter of routine. 
Details of lateral variation in vitrinite reflectance in areas of small areal 
extent have been documented in several exploration and re-evaluation 
programmes. These include parts of the Buller Coalfield (Newman 1984; 
Applied Geology Associates 1984a,b, 1985), Pike River Coalfield and 
parts of the Greymouth Coalfield (Newman 1985a,b).
Petrographic studies of the maceral composition of New Zealand 
coals are also relatively new. In an overview of the petrographic 
characteristics of New Zealand coals, Black (1980) characterised the 
generally high vitrinite content of coals from the Buller, Greymouth and 
Reefton-Garvey Creek Coalfields. Penseler (1933) described 
macerals observed in transmitted light from near Greymouth and 
outlined reasons for their unusually high exinite content.
Reports of a large difference in vitrinite reflectance between the 
Brunner Coal Measures and the underlying Paparoa Coal Measures by 
Strauss et al. (1976), at Pike River, were confirmed by Newman and
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Newman (1982). In addition they found significant inter-seam 
differences in vitrinite reflectance within the Paparoa Coal Measures over 
a short vertical interval. They attributed differences in vitrinite 
reflectance to differences in depositional conditions. At Pike River they 
also found within-seam differences in the Brunner Coal Measures which 
led to similar discoveries in the Webb/Baynes area of the Buller Coalfield 
(Newman 1984). These within-seam differences in vitrinite reflectance 
have been demonstrated to be related to various properties and 
parameters which directly or indirectly affect utilisation (volatile matter 
yield, calorific value, fluidity).
SCOPE AND HISTORY OF THE RESEARCH
The Buller Coalfield forms the basis of the most detailed 
sedimentological study as information is available from numerous 
drill-holes, and outcrop exposure is good and relatively continuous. 
Drill-holes and outcrops can be correlated over large distances via a thick 
coal seam or coal-bearing interval that extends over the entire coalfield. 
The study is based on several key areas within the Buller Coalfield. The 
Webb/Baynes area, including the Webb Opencast Mine forms a major 
part of the study. Not only is there good correlation between drill-holes 
and outcrops in streams, but also major cuts in the mine are at right 
angles to each other and provide excellent three dimensional exposure. 
The Webb/Baynes and adjacent Rockies, Stockton and Millerton areas 
have also been the site of a recent drilling and analytical programme 
which has provided a very comprehensive data base of ultimate and 
proximate analyses and coking properties. Samples from this 
programme provide the basis of petrographic and petrological studies of 
vertical within-seam variation in vitrinite reflectance, organic sulphur and 
coking properties.
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In the Reefton-Garvey Creek, Charleston, Greymouth and other 
coalfields, with the exception of some road-cuts and opencast mines, 
exposure is relatively poor and discontinuous, and drill-hole 
information is relatively sparse or absent. The quality and abundance of 
information in the Buller Coalfield offers a basis of comparison and 
instruction in coalfields where the data base is relatively inferior.
The data base for coalification studies, which requires a 
knowledge of both vertical and lateral variation in rank, is variable. The 
general pattern of high lateral rank variation in Brunner coals, in both 
the Buller and Greymouth Coalfields (northern and southern ends of the 
Paparoa Trough), has been well established from proximate analyses 
(Suggate 1959); the finer details can be more readily obtained by 
vitrinite reflectance studies of coal and disseminated organic matter.
The Greymouth Coalfield, with its thick succession of Paparoa Coal 
Measures (and Rapahoe Group) and deep drill-holes, offers the best 
insights into the pattern of vertical and lateral variation in rank across 
the former Paparoa Trough. Studies of rank variation across the Buller 
Coalfield are limited by the lack of suitably thick sections (as a result of 
uplift and erosion).
The study was part of a co-ordinated and co-operative research 
effort on coal-measure sequences in North Westland with the University of 
Canterbury where the author had previously undertaken a study of 
coal-measures in northwest Nelson (Titheridge 1977). The author was 
resident at the University of Canterbury for large parts of 1980-82 and 
part of 1983. A study on the Paparoa Coal Measures (in both the 
Greymouth and Pike River Coalfields), commenced about the same time 
as this thesis (J. Newman 1979,1985a). The occurrence of Paparoa 
coals in a wide range of depositional settings, in combination with an
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abundance of outcrop and drill-hole information and recent analytical 
programmes, provided an ideal basis for coal type and 
palaeo-environmental studies. Moreover, the Greymouth Coalfield with 
an abundance of deep drill-holes, offered a unique opportunity for 
detailed studies of vertical rank variation across the Paparoa Trough. With 
broadly similar objectives it was envisaged that detailed studies of 
the two sets of coal measures, with markedly different characteristics 
and geological context, would provide a comprehensive and 
complementary coverage of late Cretaceous-Eocene coal measure 
sedimentation in North Westland. A thesis investigation of the 
inorganic geochemistry of the ash of West Coast coals by N. Newman was 
concurrent with both sedimentological and coal petrological studies.
At the end of 1982, Mines Division, Ministry of Energy (New 
Zealand) began a drilling programme in the Buller Coalfield. This 
initially sought a re-evaluation of coal characteristics in the 
Webb/Baynes area for the purpose of assessing the feasibility of 
manufacturing carbon anodes (Applied Geology Associates, 1983). It 
was followed by drilling programmes in the Stockton, Rockies and 
Millerton areas in 1983/84. Proximate and ultimate analyses and 
various rheological tests were performed by Coal Research Association 
of New Zealand (C.R.A.N.Z.).
The most intensive field studies by the author were performed in 
the Webb/Baynes area prior to mid-1982 and from November 1982 to 
April 1983. The initial results of these field studies in the 
Webb/Baynes area are outlined in a section by the author in a field 
excursion guide in Newman, Titheridge and Lewis (1980). The author 
was engaged as the on-site geologist during the Webb/Baynes drilling 
programme of 1982/83. The drilling programme benefited from the 
author’s knowledge of the area obtained in the course of previous field
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studies. The author’s study obtained the benefits of access to new drill 
cores in areas which were poorly exposed and for which there were only 
drillers descriptions of chip samples obtained during the 1950’s. This 
new information made a significant contribution to formulation of a 
clastic sedimentation model for the Buller Coalfield. Ideally studies that 
seek to integrate sedimentological and coal data should be from the 
same location. Of the four areas drilled, the Webb/Baynes area was 
most suited to petrological studies as the analytical programme was 
by far the most comprehensive. Ultimate analyses were obtained for 
each sample (cf. Stockton, Rockies, Millerton), weathered samples 
were comparatively rare and there were very few instances in which old 
underground workings were encountered in drilling. All analyses were 
performed by one laboratory (cf. Millerton where samples were 
analysed by C.R.A.N.Z. andC.C.I., Australia). Ash yields were ideally 
and invariably low. Petrographic analyses of coal samples from the 
Webb/Baynes area were performed by J. Newman following 
arrangements made sometime in late 1982 (and/or January-February 
1983). The results of this work comprise the largest part of a study on the 
Paparoa Coal Measures (Newman 1985a,b).
The author was very fortunate to be able to perform petrographic 
analyses on samples from the Stockton and Rockies areas in 1984. 
Compared with samples collected early in the study from outcrop and 
open-cut mines, the drill-hole samples offered several advantages. 
These included ease and representativeness of collection, particularly in 
the locally thick Buller Seam Member, and the possibility of detailed 
studies from a small area. In the absence of organic geochemical, 
palaeobotanical, palynological or other data, the availability of 
proximate and ultimate analyses and rheological data, offered the 
possibility of extending the study beyond routine descriptions of 
petrographic characteristics, and interpretation of a very general nature.
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By themselves however, the Stockton and Rockies samples and 
analytical data were of limited use and it was not until the Millerton 
samples became available in 1985 that the beginnings of a reasonable 
data base were assembled. Even this had major limitations and a 
complete re-organisation of the study to include proximate and ultimate 
analyses and rheological data from the Webb/Baynes area became 
necessary in late 1985-1986. In the course of utilising the vastly 
superior analytical data base from the Webb/Baynes area it became 
possible to gain insights and implement an approach and methodology 
that contributed to a major part of and perhaps the most important 
findings of this study.
The objectives of this study, and Newman’s study of the 
Webb/Baynes, area have considerable overlap; however the respective 
approaches to sedimentology and coal petrology are markedly 
different.
The following chapter (Two) provides a background of information 
and methodology relevant to the study of clastic sediments and coal 
measure sedimentation and a review of factors influencing peat 
environments and coal type. Chapters Three to Five comprise a detailed 
account of the geology and sedimentology of the Buller Coalfield whilst 
Chapter Six is a comparative overview of Brunner Coal Measures in 
other coalfields in North Westland. Petrographic and petrological 
characteristics of Brunner coals are documented and discussed in 
Chapters Seven, Eight and Nine.
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CHAPTER TWO
REVIEW OF GEOLOGICAL AND DEPOSITIONAL
FACTORS
AFFECTING COAL MEASURE SEDIMENTATION AND
PEAT
CHARACTERISTICS
PART A - COAL MEASURE SEDIMENTATION
This section reviews geological factors that influence modern 
alluvial, deltaic and non-deltaic coastal systems and the 
methodological basis for interpretation of ancient deposits. Of 
particular interest are those factors that influence the occurrence, 
geometry, thickness and splitting of coal seams.
ALLUVIALSEQUENCES
The alluvial realm exhibits a diverse range of sedimentary processes. 
Classification of modern rivers on the basis of geomorphological and 
sedimentological features has been a major aim of fluvial studies. The 
interpretation of ancient deposits is largely based on these studies of 
modern rivers.
The most striking feature of modern rivers is their variation in 
geomorphological expression, namely channel sinuosity and 
multiplicity. The combinations can be categorised as follows: single 
channel, high sinuosity (meandering); multi-channel, low sinuosity 
(braided); multi-channel, high sinuosity (anastomosing); single 
channel, low sinuosity (straight); see Rust (1978). Factors 
influencing this range of geomorphological expression are stream 
gradient, sediment volume, bed/suspension load ratio, amount and
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variability of flow, bank stability (often due to vegetation) and 
prominence of levees. These in turn are influenced by climate and the 
tectonics of both the source and basinal areas. The climatic factors 
temperature, humidity and precipitation dictate load (quantity and size), 
discharge (amount and variability) and vegetation, which in turn affects 
run-off, bank stabilisation and channel migration behaviour (Baker 
1978; Cotter 1978). Tectonic activity in the source area influences load 
characteristics and stream gradient (and climate). Tectonic activity 
in the receiving basin may influence channel migration.
The vertical distribution of facies over one channel to overbank cycle 
is controlled by autocyclic processes such as lateral migration or 
avulsion. Vertical changes in facies over 50 (or therabouts) to 
thousands of metres reflect temporal changes in allocyclic controls, 
namely tectonics and/or climate. Changes in facies over several 
cycles and vertical intervals of the order of 10 to 50 metres, may reflect 
autocyclic or allocyclic processes (see discussion by Miall, 1980).
Alluvial deposits may be examined at various hierarchical levels. 
Within a valley system, alluvial deposits comprise groups of channel 
sediments interspersed with overbank sediments. Channel sediments 
are dominated by sand or gravel, and overbank sediments by mud, 
minor sand and peat. Components of individual channels may 
comprise small scale channel features within the main chain channel, 
various bars and bedforms, compound bars and lateral accretion 
deposits. Some systems may contain components that are not 
channelised, e.g. mass and sheet flow deposits. Each of these 
components may comprise one or several lithofacies. The term 
lithofacies is used to denote a specific combination of sedimentary 
structure and textural class. They represent a response to flow 
conditions and are not unique to any environment. The term
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lithofacies association refers to recurring combinations and sequences of 
lithofacies. Several approaches to the study of modern alluvial 
sediments, which form the basis of interpretation of equivalent 
ancient rocks, have been developed and are evolving.
One approach has been to document, in combination with 
palaeocurrent data, the association and preferred vertical sequence of 
lithotypes. The distillation and summary of numerous observations of 
lithofacies into a vertical profile is often referred to as a facies model.
The succession of lithotypes represents an idealised history of 
sedimentary conditions associated with one depositional cycle of a river 
that is considered to be representative of a known 
geomorphological type. Vertical profiles of ancient sequences can be 
compared with these facies models.
The lithofacies model approach to interpretation of ancient 
sequences has both advantages and disadvantages. Modern river 
systems exhibit such a wide range of lithofacies associations and 
sequences that virtually a new model is required for every river.
Moreover in any one river there is such a diversity of profiles that 
deciding which is most representative is very subjective. At the same 
time, different river types may exhibit very similar lithofacies 
associations and sequences, so that interpretation of ancient profiles may 
be ambiguous. As the lithofacies model and vertical profile analysis is 
one dimensional, it does not accommodate compound bar forms which 
may be a diagnostic geomorphic component and whose lithofacies 
sequence varies from place to place. However, there are many 
situations where only one dimensional data is available and in these 
instances, the approach provides a useful starting point for 
interpretation of ancient sequences.
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The other, and relatively recent approach, has been to document the 
long term behaviour of channels, and model in three dimensions the 
stacking geometry of channels, their internal components (listed 
above) and overbank deposits. Rivers are diverse in their migrational 
behaviour. They may be mobile and systematically migrate back and 
forth across the whole valley or remain relatively fixed between abrupt 
shifts. This behaviour can be autocyclic or a response to subsidence. 
Some ephemeral streams are not channelised but exhibit sheet flow. In 
combination with varying proportions of channel/ overbank deposits a 
range of architectural styles comprising sandstone sheets or ribbons 
that are coalesced or isolated in mudstone result (Allen 1965; Friend 
1983). The arrangement of channelised and non-channelised 
components may be equally diverse ("components" are 
synonymous with "architectural elements" of Miall, 1985). A recent 
innovation is the use of computers to model stacking scenarios by 
making assumptions about such factors as rate of subsidence and 
frequency of avulsion (e.g. Bridge and Leeder 1979).
The architectural approach offers an understanding of the 
distribution and occurrence of ancient channel and overbank deposits 
regardless of any detailed knowledge of channel sinuosity or other 
palaeo-hydraulic parameters. With regard to the preservation of peat, it 
may be of little consequence whether the migrating river systems were 
for example, "braided" or meandering", and in any case, there may be 
considerable uncertainty attached to this geomorphic labelling.
Many sedimentological criteria for inferring and distinguishing various 
palaeo-geomorphic types are ambiguous and numerical estimates of 
palaeo-channel parameters can only be attempted in special 
circumstances. Classification of ancient channels, whilst beyond 
infancy, remains an evolving science. Traditionally studies of ancient
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fluvial deposits have attempted to distinguish between "braided" and 
"meandering". With ongoing research, in recent years, examples of both 
modern and ancient "anastomosing" (e.g. Smith 1983; Le Blanc Smith 
and Eriksson 1979) and "straight" channels (McCabe 1977) have also 
been documented.
Modern meandering streams are characterised by laterally 
accreting point bars (Allen 1965, 1970). The presence of epsilon 
cross-stratification is indicative of lateral accretion and if it is laterally 
persistent over 10 to hundreds of metres, meandering stream point bar 
deposition can be reasonably inferred. Epsilon cross-stratification 
is not automatically indicative of point bar or meandering stream 
deposition as it may occur on the inner accretionary banks of meander 
loops (Jackson 1978; Nanson and Page 1983), and it is present in 
non-meandering streams; however in both these instances it is likely to 
be of limited lateral extent. Epsilon cross- stratification and lateral 
accretion surfaces are easily recognised in heterogeneous lithologies 
where muddy drapes are present and inclined at relatively high angles 
to other bedding features. They are difficult to recognise in 
homogeneous sandstone units, particularly if the accretion surfaces are 
at a low angle. The absence of epsilon cross-stratification cannot be 
taken to indicate that lateral accretion did not occur. The presence 
of exhumed meander belts exhibiting ridge and swale topography (e.g. 
Puigdefabregas 1973; Nami 1976; Nijman and Puigdefabregas 1978; 
Padget and Ehrlich, 1976) and sometimes with epsilon 
cross-stratification is diagnostic of meandering streams; unfortunately 
the occurrence of either is rare or fortuitous. A very recent and 
comprehensive review of epsilon cross-stratification and related 
structures has argued in favour of a revised terminology and adoption 
of the name "inclined heterolithic stratification" or IHS (Thomas et al. 
1987).
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Upward fining is characteristic of many meandering stream 
deposits as formulated in the models by Allen (1965,1970) and others. 
However it is not diagnostic of meandering stream deposition. 
Upward fining also occurs in braided streams (Williams and Rust 1969; 
Cant and Walker 1978). Some meandering streams, particularly those 
with complex point bar topography, in which chute bars and channels 
are developed, depart from the idealised fining upward sequence. They 
may contain relatively large-scale structures or coarse lithologies toward 
the top of the sequence (e.g. McGowan and Garner 1970; Levey 1978). 
On the downstream side of point bars relatively coarse sediment may 
be present in the upper part of profiles (Jackson 1976).
The presence of thick conglomerates is often associated with 
longitudinal bar and braid development (e.g. Miall 1977). Recent 
studies have documented the existence of gravelly bedload streams with 
high sinuosity, point bars (e.g. Jackson 1978; Gustavson 1978; 
Forbes 1983; Arche 1983), and in one instance, epsilon 
cross-stratification indicative of lateral accretion (Ori 1982).
Levee thickness and geometry have also been suggested or cited as 
distinguishing criteria. Many meandering streams exhibit prominent and 
relatively thick levees, whereas those of braided streams are less 
developed and relatively thin; however there are reversals of this 
generalisation (see Jackson 1978). Hypothetical models in which 
levees of high sinuosity (meandering) streams are tabular and 
extensive as a result of lateral migration, whereas those of low 
sinuosity streams are lenticular and of limited extent, have also been 
suggested (Moody-Stuart 1966). Levee deposits are often difficult to 
distinguish from upper bar (point or braid) and some crevasse splay 
deposits. Lenticular mud channel-fills, characteristic of meander
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cut-offs also occur in minor channels (anabranches) of braided streams 
(Williams and Rust 1969).
Some rivers have reaches transitional in character between 
braided and meandering and others exhibit changes in pattern over 
short periods of time (e.g. Schwartz 1978; Carson 1984a,b).
The mechanism of braiding is clearly not yet fully understood. It is 
often attributed to the construction of longitudinal bars during high flow 
stages. However there is evidence to suggest it forms from the 
dissection of broad tongues and that longitudinal bars are secondary 
(Rundle 1985a,b).
Many ancient deposits exhibit features that do not have a precise 
modern analogue (or more probably they remain to be observed). In 
some instances, there is a major difference in scale between the ancient 
feature and modern analogue. For example very large-scale 
cross-beds (up to 25 metres amplitude) with internal erosion surfaces 
have been interpreted as side bars of deep distributary channels 
(McCabe 1977; Jones and McCabe 1980). The only described 
modern equivalents are about one metre in amplitude (Collinson 1970).
Variation in palaeocurrent directions within and between adjacent 
channel units may provide the best indication of sinuosity and in some 
instances may be the only means of distinguishing between high and low 
sinuosity streams.
DELTAIC AND NON-DELTAIC COASTAL SEQUENCES
Rivers approaching the sea tend to bifurcate into several or many 
distributaries that may encompass an area many times the width of the 
alluvial valley. This area is referred to as the delta plain. The
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sedimentary processes in the delta plain may be dominated by river 
and/or tidal processes. River processes are characterised by 
progradation into shallow water and bay filling. Tidally influenced delta 
plains are characterised by tidal flat and tidal channel sedimentation. 
Delta plains may also form where sediment from large rivers is 
redistributed from the mouth by wave processes to beach ridges.
At river mouths (delta front), the flow of sediment-laden water 
decelerates and expands, initiating deposition. Mouth-bars are formed in 
the absence of strong tidal or wave activity. If tidal range is high, 
sediment is reworked into linear tidal current ridges. If wave processes 
are active, sediment can be reworked into beach ridges so that there is 
no physiographic expression nor sedimentary record of the river 
entering the sea. Details and examples of delta plain and front processes 
and sedimentary record in river, tidal and wave dominated 
environments have been reviewed by Wright (1978) and Elliot (1978).
Deltaic systems can either prograde, remain static whilst building 
vertically, or retreat, depending on the relative rates of subsidence and 
sedimentation (Curtis 1970). Strictly speaking a "delta” is a 
progradational feature. Similarly, "delta systems" are dominated by 
progradational deposits. The term "deltaic" is used to include 
development of a delta plain and bifurcation of a river into numerous 
distributaries even though progradation may not be dominant or 
present. In a dominantly transgressive setting, small sub-deltas can 
prograde into lagoons or coastal lakes as a result of progradation on a 
relatively small scale. Similarly, and at an even smaller scale, crevasse 
channels and splays have the potential to form sub-deltas where they 
discharge into floodplain ponds. Although there are no well documented 
modern analogues, it is possible deltaic sequences can be formed in a 
transgressive setting. As delta plain lobes laterally migrate back and forth,
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and landward with each successive abandonment during overall coastal 
retreat, the general succession at any one locality will exhibit a 
backstepping facies relationship.
There are numerous and well documented studies of modern and 
ancient prograding deltaic systems (see review by Elliot, 1978). They are 
characterised by upward coarsening cycles of marine to non-marine 
sediments with thin transgressive deposits associated with delta 
switching, abandonment and destruction (e.g. Ryer 1980). Their 
vertical sequences also depend on the dominant influences at the river 
mouth (Wright 1978; Coleman 1976).
In a transgressive setting rivers may also discharge directly into the 
sea or a protected lagoonal setting without bifurcating to form a delta 
plain. Coasts which are micro- to meso-tidal and dominated by wave 
processes are characterised by barrier beaches (islands or spits); 
sub-environments include shoreface, backshore, washover, lagoon, tidal 
deltas (ebb and flood) and tidal flats and marshes. Coasts which are 
meso- to macro-tidal are characterised by tidal inlets or estuaries; 
sub-environments include ebb tidal deltas, tidal channels, inter-tidal flats 
and linear sand ridges (Barwis and Hayes 1979).
Whilst progradational environments may record more or less 
complete sequences from shelf to fluvial environments, both deltaic and 
non-deltaic transgressive sequences are often reduced and some 
environments may not be represented. Shoreface erosion may erode 
underlying lithologies (barrier beach, washover, part of lagoonal 
lithologies) so that inner shelf lithologies lie directly on lagoonal, fluvial or 
estuarine lithologies (Swift 1968; Kraft 1971); the erosional surface or 
ravinement is often accompanied by a relatively coarse lag. In river 
dominated deltas, where tidal and wave processes are not prominent,
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shelf lithologies (mudstones, marls-limestones) may directly overlie delta 
plain deposits (Ferm 1970); beach deposits are often not well developed 
or absent and transgression is accompanied by shallow wave erosion 
of the seaward edge of the delta plain (Kanes 1970).
THICKNESS CONTROLS
The thickness of major stratigraphic units and component facies are 
controlled by various factors at both regional and local scales (e.g. see 
Williams and Bragonier 1974).
Thickness variation in many successions or stratigraphic units is 
related to basement relief. At a regional level basement relief is due to 
crustal sag, fracture (ranging from a single to a progressive succession 
of faults), wrenching or modification by folding (Mitchell and Reading 
1978; Kingston et al. 1983). At a local level thickness variation may 
reflect syn-depositional faulting (e.g. Horne 1979) or the relief of a 
valley system incised prior to rising base levels (e.g. Bristol and 
Howard 1974; Franks 1980; Blakey and Gubitosa 1984). In some 
instances basement relief may reflect the combined interaction of both a 
tectonic and an incised topography; faults along which valleys have 
been eroded may be remobilised during sedimentation (e.g. Iwaniw 
1984). Lateral thickening of a facies may be unrelated to differential 
subsidence or incised topography and merely reflect broadening of the 
areal extent of one facies at the expense of another during rising base 
level. The effects of tectonic subsidence can be further enhanced or 
diminished by eustatic rises or falls in sea level.
The existence of incised palaeo-valleys or syn-depositional faults 
must, in many cases, be based on inference, as exposures of these 
features are rare or fortuitous. Some researchers have found direct
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evidence for faulting in unlithified sediments (hydroplastic slickensides, 
distributed shearing and centimetre thick zones with loss of bedding). 
These features are commonly accompanied by liquefaction and 
dewatering structures and may occur along linear belts (Petit and 
Beauchamp 1986; Fielding and Johnson 1987; Ordet al. 1988). 
Coincidence of fault traces and isopachs is a reasonable basis for 
inferring syn-depositional faulting. Where faults are buried (i.e. have 
had no post-depositional movement and hence surface expression), 
syn-depositional faulting is difficult to demonstrate without the aid of 
seismic profiles. Incised palaeo-valleys can only be reasonably inferred 
when faults are either absent or bear no relationship to isopach trends. 
To date palaeo-valleys have generally only been recognised in the basal 
parts of successions where there is marked lithologic contrast between 
incised and infilling lithologies. It would be reasonable to expect that 
many fluvial sequences record aggradational periods punctuated by 
periods of incision. However only a few examples have been 
documented (Shephard 1978; Kraus and Middleton 1987); in future 
studies the recognition of paleosols and catenas may lead to more 
discoveries (e.g., Retallack 1986; Atkinson 1986).
It can be expected that in a marginal marine setting temporary drops in 
sea level will lower the base level of rivers and that they will incise older 
sediments. The incised valleys are likely to be filled with both fluvial and 
estuarine sediments following a rise in sea level. Sonnenberg (1987) 
has postulated such a model for some Cretaceous deltaic deposits in 
Colorado; moreover his analysis suggests channels were positioned 
in topographic lows formed by syn-depositional faulting. In recent 
years, many workers following Vail et al (1977a, b) have reconstructed the 
transgressive histories of coastal onlap sequences with seismic reflection 
data in combination with studies of stratigraphy and depositional 
environment (’sequence stratigraphy’). They have compared coastal
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onlaps sequences of different ages from throughout the world and 
concluded that there have been numerous global rises and falls in 
sea-level throughout the Phanerozoic. The reconstructions suggest that 
whilst rises in sea-level have generally been gradual, falls in sea-level have 
been relatively sudden. Sudden (rather than gradual) falls in sea-level 
have the potential to incise valleys that can be easily recognised.
Thick compactable lithologies (peat, mud) may generate areas of 
local subsidence. Considerable compaction occurs during peat to coal 
transformation; some estimates are as high as 20:1 (Ryer and Langer 
1980). Some of this compaction may be of syn-depositional origin and 
cause splitting of peat. The amount of compaction, and hence 
thickness of inter-split lithologies, is determined by the thickness and 
compaction ratio of peat. Peat compaction may be uniform over large 
areas in which case there is a direct relationship between seam thickness 
and thickness of the overlying split (e.g. Elliot 1969). Where peat 
compaction is local and cannot be recognised by the presence of 
compaction induced structures (reviewed by Flood and Brady 1985), it 
may not be possible to establish whether thickness differences in 
clast units overlying thick coal, are due to peat compaction or local 
tectonic subsidence.
In fluvial sequences underlain by salt beds there is the possibility 
that rivers have been diverted to areas of downwarping or 
syn-sedimentary faulting caused by differential salt solution (e.g.
Hopkins 1987).
Depositional and Subsidence Controls on Peat Accumulation
Differences in peat thickness may variously reflect differential tectonic 
subsidence, topography of peat substrate, local syn-depositional
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compaction particularly in association with doming, and splitting as a 
result of subsidence (tectonic or compactional) or proximity to channels 
or both. Modification by erosion of the seam roof is generally the least 
important factor, particularly if the seam is thick.
Continuous peat accumulation is in the first instance dependent on 
the upward rate of peat growth keeping pace with the local rate of upward 
movement of the water table (tectonic or compactional subsidence, 
or eustatic rise in sea level). If subsidence exceeds peat growth, peat 
accumulation ceases and splitting may result if the excessive 
subsidence is temporary or local. The peat may either shale out as the 
peat forming community is drowned and replaced by openwater, or 
be subject to incursion of splay and/or channel deposits. In 
addition to subsidence, the discharge and volume of sediments in 
channels contemporaneous with the peat may influence the extent of 
incursion by overbank processes (Ferm et al. 1979).
Raised peats are beyond overbank flooding and consequently have 
relatively few splits and often exceptionally low ash yields. They rely on 
consistently high rainfall and are characterised by doming of groundwater 
levels (Moore and Bellamy 1974; Flores 1980). It is possible raised 
peats may form at the sites of groundwater discharge (Ethridge et al. 
1980). Once thickened locally by upward growth, peat has the potential 
to compact under its own weight (more so than adjacent peat). This may 
begin an autocyclic process of upward growth and compaction leading 
to considerable differences in thickness between the domal apex and 
periphery of the peat.
The influence of substrate palaeo-topography on the thickness and 
shape of peats has been well documented. Back barrier coals are 
generally elongate, lensoidal and thickest parallel or perpendicular to
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depositional strike; this reflects the infilling of lagoons or tidal inlets 
(Horne et al. 1978; Staub and Cohen 1978). In river dominated deltas, 
coals of greatest extent and thickness occur in the transition zone 
between upper and lower deltaic plains, where infilled bays provide 
broad platforms for peat accumulation (Horne et al. 1978). Lower 
deltaic plain coals are locally thickened at sites of former distributary 
channels (Styan and Bustin 1983). There are, however, limits to which 
channels can be sites of relatively thick accumulation as these areas are 
often filled by water and it is only when they have been at least partially 
filled that peat accumulation begins (Ferm et al. 1979). Thickest coals in 
the fluvio-deltaic realm tend to be associated with fluvial channel facies 
of the alluvial plain (Flores 1980). Whilst underlying topography is 
important in determining thickness variation in peats that form coals 
less than about two metres thick, in very thick peats the effect of 
topography is proportionately very much less; any effects are further 
reduced by compaction during peat to coal transformation.
LATERAL FACIES RELATIONSHIPS
Inherent in the concept of facies is the notion that 
environments represented by successive units were laterally adjacent at 
the time of deposition. The adjacency of contemporaneous 
environments, as represented by the various facies, might range from 
hundreds of kilometres to tens of metres; ideally reconstruction of the 
relationship of various facies should contain some indication of the 
lateral distance over which facies changes occur, which in turn requires 
precise time control.
Determining the extent of facies on a regional scale at any one time 
might be achieved via palaeontology. At a local scale, other than the 
fortuitous occurrence of volcanic ash horizons (e.g. Allen and Williams
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1982), intercalated lithologies enclosed by splits give some indication of 
the adjacency and areal extent of facies. Splitting of coal seams 
(and mudstone units if this can be recognised), also gives an 
indication of the extent of differential subsidence.
APPLICATION OF PALAEO-ENVIRONMENTAL STUDIES IN COAL 
MEASURE SEQUENCES
Various authors have illustrated the potential of applying a 
knowledge of depositional environments to problems confronting 
exploration both at a regional and local level, and in mine planning. 
Studies of the ancient deltaic sequences of the Appalachian 
Coalfields, U.S.A. (see Ferm and Horne 1979) have provided much of the 
inspiration and impetus for this approach. The need for 
cost-effectiveness in mining is paramount, particularly during times of 
oversupply on world coal markets.
On a reconnaissance and regional level, in which vast areas and 
relatively small amounts of data are available, even a general 
knowledge can aid in restricting the choice of coal-bearing targets (e.g. 
Blayden 1984). In some instances there would appear to be general 
relationships between geology and coal occurrence; for example in 
the sub-surface Eocene rocks of Texas a relationship between sand 
body geometry and the occurrence of lignite has been noted (Kaiser et 
al. 1977).
At a more local level of exploration, seams that have formed in 
specific environments can be sought if it is known that these 
environments are more likely to contain coal seams with specific 
attributes of geometry or quality. The influence of palaeo-topography on 
peat substrate, and syn-depositional tectonics on seam geometry and 
thickness, has been outlined above. Sulphur content is often related to
32
proximity of marine rocks (e.g. Suggate 1959; Williams and Keith 1983) 
but, for instance, this may be modified by the influence of 
palaeo-topography (Reidenour et al. 1967) or by the sealing influence of 
splays (Horne et al. 1977).
A knowledge of depositional controls may also assist in mine 
planning. The main factors affecting underground mining and planning 
are those affecting roof quality and incompetent strata (McCulloch 
1977) and seam thickness (eg Padgett and Ehrlich 1978). Insofar as 
the ultimate aim of mine planning is to achieve maximum production and 
cost-effectiveness, it is essential that the direction of mining takes 
advantage of thick coals (eg Padgett and Ehrlich, 1978), avoiding areas 
split by splays (e.g. Horne et al. 1977) and circumventing areas of poor 
roof quality. Close-spaced exploration drill-holes in areas characterised 
by rapid and differential subsidence may exhibit numerous seams 
with a variety of correlation scenarios (Figure 3.5; Bowman and Newman 
1982). Numerous seams may be present, some of which may be thick 
but of limited lateral extent. Alternatively one or several seams may 
exhibit complex splitting. Splits are generally sites of locally and 
relatively high bedding attitudes. If heavily mechanised underground 
mining operations, which are reliant on a continuous minimum 
thickness and consistent and low floor gradients, are to be employed in 
these situations, it is vital to know in advance how seams are related and 
the location of split loci.
SUMMARY
Alluvial, and contiguous deltaic and non-deltaic coastal 
environments, exhibit a wide range of sedimentary processes.
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The style and architectural organisation of alluvial deposits is 
ultimately controlled by uplift in the source area, climate and 
intra-basinal subsidence. Uplift and climate determine sediment 
supply (amount and size) and discharge (quantity and variability) 
which in turn affects alluvial style. Intra-basinal subsidence, in 
combination with alluvial style, affects preservation, geometry and 
thickness of facies. The style and architecture of deltaic and 
non-deltaic coastal deposits largely depends on the dominance of 
river, tidal or wave processes. Vertical sequences record delta 
progradation and transgression. Sequences characterised by 
transgression may contain "deltaic" plain deposits that record the 
division of rivers into numerous distributaries; sub-deltas may be 
present in a transgressive sequence where these distributaries 
discharge into coastal lakes or lagoons, or where crevasse channels, 
discharge into floodplain ponds or small lakes.
Peat may accumulate in alluvial plain, deltaic and non-deltaic coastal 
systems. The occurrence, geometry and splitting of coal seams is 
dependant on both depositional setting and syn-depositional 
subsidence.
34
PART B - PEAT ENVIRONMENTS AND PETROLOGICAL 
CHARACTERISTICS OF COALS
DECAY PROCESSES AND PEAT COMPOSITION
A general understanding of aerobic and anaerobic decay processes is 
a prerequisite to the understanding of within-seam changes in 
elemental composition of peat and coal. Of particular interest are the 
within-seam changes in aromaticity insofar as this may affect 
reflectance and plasticity, and the possible connection between 
nitrogen and organic sulphur content. The generalities of decay 
processes have been summarised in standard texts on coal petrology 
(e.g. Francis 1961; Teichmuller 1982). Recent work, ongoing studies 
and new techniques, particularly in the field of microbial biology and 
biogeochemistry, have given new perspectives and renewed impetus to 
the study of the effect of biological degradation processes on 
aromaticity and elemental composition.
Organic material is decomposed to a ’humic’ residuum (complex 
refractory polymer), and directly, or indirectly via labile low molecular 
weight intermediates, to carbon dioxide which is recycled into the global 
carbon pool (Krumbein and Swart 1979).
Humic substances are extremely complex and surprisingly little is 
known of their structure. They are divided into three groups on the 
basis of their acid and base solubilities; these are humic acids (soluble in 
base), fulvic acids (soluble in acid and base) and humins (insoluble in 
acid and base). Fulvic acids tend to have lower molecular weight and 
more oxygen functional groups (COOH, OH, C=0) than associated 
humic acids (Schnitzer 1978). Fulvic acids, compared with humic acids 
of similar molecular weight have less aromatic and polysaccharide 
components (Blondeau 1986). Degradative analytical techniques
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suggest the basic building blocks of humic substances are phenolic and 
benzenecarboxylic acids that are held together by hydrogen bonding, 
van der Waals forces and pi-bonding (Schnitzer 1978). Recent 
advances in 13C N.M.R. spectroscopy suggest that the proportion of 
aliphatic components is higher than previously thought and that they 
probably contribute to the structure of humic substances (Hatcher et al. 
1981), rather than being loosely held or adsorbed (Schnitzer 1978). 
N.M.R. techniques have the advantage that they are not destructive (the 
severity of some degradative techniques may impart bias) nor are they 
affected by the insolubility of humins which renders these inaccessible to 
many analytical techniques.
Various origins have been suggested for humic substances. Peat 
forming humic substances are undoubtedly derived, in the main, from 
lignin, the most refractory of plant substances. In marine environments, 
where lignin is scarce and carbohydrates and proteins abundant, it 
has been suggested these react to form humins via fulvic and humic 
acid intermediates. The basis for this suggestion is the analogous 
reaction of sugars and amino acids and subsequent condensation to 
form lignin-like polymers (Stevenson and Butler 1969; Hedges 1976). 
Condensation and polymerisation of cell contents on death of the plant 
(autolysis) and microbial synthesis have also been suggested for the 
origin of humic substances (Stevenson and Butler 1969; Schnitzer 1978).
At the beginning of decomposition, plant materials largely 
comprise lignin, cellulose, proteins and polysaccharides 
(hemicelluloses). Their susceptability to degradation under aerobic or 
anaerobic conditions is extremely variable. Peat decay is highest at the 
surface and whilst the total number of micro-organisms decreases 
downward, the proportion of anaerobic species increases. The rate of 
decay is dependant on temperature, oxygen supply, acidity, and the
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activities of invertebrates. Decay is selective and dependant on both 
species and parts of plants. In addition to these factors the amount of 
decay is determined by the rate at which organic detritus moves through 
the aerobic and anaerobic zones (Clymo 1983).
Lignin, the most refractory of the plant substances may be 
completely decomposed by white rot fungi in the presence of oxygen to 
both aromatic and aliphatic polymers. Brown rot and soft rot fungi and 
actinomycetes have a limited capacity to decompose lignin but are active 
degraders of cellulose. Degradation of lignin is characterised by an 
increase in carboxyl and carbonyl content with a decrease in methoxyl 
content. Although carbon dioxide is released there is extensive 
incorporation of molecular oxygen into the residual polymer. Cleavage of 
the aromatic ring may also occur. The net result of this aerobic decay is 
a decrease in H/C and an increase in O/C (Zeikus 1981; Chjang et al. 
1980; Crawford and Sutherland 1980; Fengel and Wegener 1984).
The H/C ratio of lignin is about 1.14 (Fengel and Wegener 1984, p.383) 
whereas for cellulose (C6H10O5) it is 1.66. Low pH and low nitrogen 
provides optimal conditions for lignin degradation by fungi (Kirk 1981; 
Fengel and Wegener 1984). Whilst biosynthetic precursors of lignin and 
various aromatic compounds may be decomposed by anaerobic 
bacteria and fungi in aerobic environments, lignin is inert under 
anaerobic conditions (various authors in and summarised by Kirk et al. 
1980; Zeikus 1981). Wood ingestors (insects and other invertebrates) 
may render lignin more digestible to micro-organisms (Zeichus 1981; 
Fengel and Wegener 1984). Many soil fungi produce phenolic polymers 
(melanins) which are similar to humic acids and contribute to soil humic 
acids (Martin and Haider 1980). Consensus of opinion for the past 30 
years has promulgated the view that all lignin, like the less recalcitrant 
cellulose substances, is converted to humic acids and then to humins via 
condensation and polymerisation. Recent research indicates that lignin is
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present in lignites that were originally deposited under anaerobic 
conditions and that conversion to humins is direct (Hatcher et al. 1981, 
1982).
Cellulose, polysaccharides and protein are rapidly and 
efficiently consumed by aerobic bacteria in respiration and as a 
nutrient source; complete mineralisation to carbon dioxide may occur 
(Krumbein and Swart 1979). In anaerobic environments oxidation is 
accomplished by a succession of different groups of bacteria in which a 
variety of chemical species may provide the electron acceptors 
necessary for carbon oxidation. Initially, biological polymers are 
hydrolysed to form fatty acids, sugars and amino acids. These soluble 
monomers are metabolised to lactate, propionate and butyrate that are in 
turn converted by acetogenic bacteria to acetate and formate 
(Krumbein and Swart 1979; Fenchel and Blackburn 1979; Nedwell 
1984).
Low molecular weight fermentation products are also utilised by 
methanogenic and sulphate-reducing bacteria. In the presence of an 
adequate supply of sulphate ions, sulphate-reducing bacteria 
out-compete methanogens for acetate substrate (this is the essential 
difference between anaerobic decay in brackish or marine water and 
fresh water). Other short chain fatty acids formed during earlier 
hydrolysis and fermentation are also oxidised by sulphate-reducing 
bacteria (Jorgenson et al. 1981; Lovley and Klug 1986). Recently 
species of sulphate-reducing bacteria have been identified that will utilise 
longer chain fatty acids (up to Ci6) and methoxyl groups of aromatic 
acids (Widdel et al. 1983; Klemps et al. 1985).
Hydrogen sulphide produced by the sulphate-reducing bacteria 
provides the electron donor species for aerobic colourless sulphur
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bacteria and phototrophic green and purple bacteria (Jorgenson 1979; 
van Gemerden and Bettink 1983). Hydrogen sulphide may also be 
utilised in one of the photosynthetic pathways of cyanobacteria 
(blue-green algae; Pfennig 1978; Padan 1979). In coastal marshes 
with sulphate-bearing shallow waters, characterised by alternating 
photo-aerobic and photo-anaerobic conditions, the incorporation of H2S 
in photosynthetic pathways links the carbon and sulphur cycles.
The nitrogen cycle is also intimately linked with both the sulphur 
and carbon cycles, particularly in brackish environments. Hydrogen 
sulphide, derived from sulphate reduction, may be utilised by denitrifying 
bacteria in the production of ammonium and nitrogen (Blackburn 
1979; Jorgenson 1979), and encourages the development of 
phototrophic bacteria (cyanobacteria and various sulphur bacteria) 
which are nitrogen fixers (Johansson 1983).
Most nitrogen in peat can be identified as having a 
proteinaceous, amino acid, amino sugar or ammonium origin. However 
from 30 to 50 percent remains unidentified although various compounds 
such as ligno-protein complexes have been postulated. There would 
appear to be equivocal evidence for nitrogen being an integral part, as 
opposed to being loosely held, in humic substances (Schnitzer 1985). 
Nitrogen content of peats is dependant on both the original plant 
composition and the extent of degradation (see Figure 1 of Carlson 
1985). Degraded plant material from bacteria, phytoplankton, many 
aquatic and some herbaceous plants, have N/C ratios in the range 1:10 
to 1:20 whereas in woody tissue, containing a higher proportion of 
fibrous elements (cellulose and lignin), N/C ratios are of the order of 
1:50 to 1:100 (Wetzel 1983; Levi and Cowling 1969). Low moor peats 
tend to be relatively high in nitrogen (Clymo 1983). In general, N/C 
ratios, as indicated by dispersed organic matter in lake and sea sediment
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profiles, decrease with increasing mineralisation of proteins (e.g. Kuivila 
and Murray 1984; Ishiwatari 1985; Vandenbroucke etal. 1985). 
However if decarboxylation is prevalent, as would be expected during 
aerobic decay, N/C ratios could be expected to increase. In support 
of this proposed mechanism, increases in nitrogen associated with 
increases in humification have been documented in Spagnum peats 
(Carlson 1985). Nitrogen in coal is present as both aliphatic and 
heterocyclic compounds (Klein and Jungten, 1971).
The combination of high nitrogen and low fibre contents appear to be a 
factor in promoting rapid decomposition by bacteria (Godshalk and 
Wetzel 1978), as amino acids and proteinaceous compounds can be 
more rapidly and easily utilised than cellulose. In contrast, it would 
appear that fungal metabolism is adapted to very low nitrogen 
(Lockwood and Filonow 1981) and may be inhibited by high nitrogen 
contents (Martin and Haider 1980).
Both bacteria and algae are potential sources of aliphatic 
components in humic substances. Whilst algal material can often be 
recognised in coals as bituminite or various forms ofalginite 
(Teichmuller 1982), the presence of bacterial remains can be inferred 
geochemically and in T.E.M. studies. A bacterial contribution to 
sedimentary organic matter is indicated by the ubiquitous occurrence of 
hopanoids and the isolation of their probable precursors (bacterio- 
hopanetetrol and related C35 compounds) that have only been found in 
bacteria. In addition various sterols have been identified as having a 
blue-green algal source, and diterpenes and tetraterpenes appear to be 
unique to methylotrophic bacteria (Ourisson et al. 1979,1984). General 
similariaties between degraded algal and bacterial cultures and oil shales 
indicate the importance of the contribution of bacterial biomass (Philp 
and Calvin 1976). The aliphatic component shown by N.M.R spectra of
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marine humic acids (derived from algae, bacteria; below), and 
terrestrially derived humic acids, are very similar and also suggest the 
aliphatic component of the latter may be derived largely from algae or 
bacteria (Hatcher et al. 1981). Geochemical similarities (N.M.R., G.C.,
M.S.) between algae and the humic material of lake and marine coastal 
lake sediments indicate that it is the algae, and the bacteria that 
degrade them, as opposed to allochthonous terrestrial plant material, 
that are the principal contributors of aliphatic components to the humic 
material (Hatcher et al. 1983; Ishiwatari and Machihara 1983).
Furthermore it would appear that bacterial and algal lipids incorporated 
in humic material are more tightly bound than lipids of terrestrial plant 
origin and protect the aliphatic components from further microbial or 
chemical attack (Albaiges et al. 1984; Kawamura and Ishiwatari 1984; 
Harvey etal. 1986).
HIGH MOOR PEATS AND THE INFLUENCE OF HYDROLOGY, 
CLIMATE AND SUBSIDENCE ON THEIR HUMIFICATION AND SERAL 
SUCCESSION
Two types of mire are generally recognised on the basis of 
hydrological and nutrient status. High moor peats (bogs) are 
recharged with rain, are nutrient deficient and elevated with respect to 
the local water table level. In comparison, low moor peats are 
recharged by groundwater and flooding, and consequently are nutrient 
rich. High moor peats are invariably low in ash due to their elevation 
and acidity (Gore 1983; Clymo 1983; Moore and Bellamy 1979). High 
moor peats may be dominated by moss (e.g. Spagnum peats of the cool 
climates of the northern hemisphere, Moore and Bellamy 1976; various 
authors in Gore, Vol 4B, 1983; Martini and Glooschenko 1985), 
herbaceous vegetation (e.g. restiad bogs of Waikato, New Zealand; 
Campbell 1964), and forest communities (e.g. tropical swamps of 
southeast Asia; Anderson 1964,1983).
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Knowledge of the development succession and humification of high 
moor peats has largely come from the studies of Spagnum peats of 
northern Europe; nonetheless some of the concepts that have emanated 
have general application. Moss peats are characterised by cyclic and 
upward growth on hummocks and in hollows (pools). Eventually the 
upward growth of the hummocks is affected by the limits of capilliary rise 
and the community associated with growth is replaced by one more 
tolerant of dry conditions and in which little peat accumulates. As the 
hummocks degenerate and become waterlogged to form pools, the 
former pools evolve into hummocks (Tallis 1983). Formation of a 
convex peat dome (cupola) has been attributed to the continuation of 
this autocyclic process (see illustration of Kulczynski model, p.56 
Frenzel 1983, or p.38 Moore and Bellamy 1976). Moss peat profiles 
exhibit cycles of weakly humified peat grading upwards into highly 
humified peat with layers of forest peat; the highly humified peats are 
sharply overlain by weakly humified peats of the next cycle. The weakly 
humified peat represents initial upward growth whilst the highly 
humified peat represents decline in upward growth (Tallis 1983).
These cycles are analagous to the dark to light cycles of the Victorian 
lignites (below).
Rainfall is a major factor in determining the convexity of Spagnum 
peat bogs (Tallis 1983) but the evidence for climatic control on serai 
succession and humification (as opposed to autogenic cyclicity), has 
been variously interpreted. If climate has a major effect there should be 
widely recognisable humified horizons of similar age. Tallis (1983) in 
summarising various work on the moss peats of northern Europe 
reports that "although the distribution of dates is far from random, any 
clustering of dates was rather diffuse". On the other hand, Barker (1981), 
on the basis of a micro-scale study of the inter-relationships of peat 
stratigraphy, species composition and climatic evidence of the last
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2000 years offers a different conclusion. He concludes "raised bog 
growth is controlled above all by climate even down to the level of the 
relative areas of hummock and pool".
Although there is no empirical evidence, it is quite conceivable that if 
the rate of subsidence is pulsatory it will influence peat humification and 
lithotype differences. The basis of this assertion is simply that the rate 
of subsidence affects the residence time of peat in the zones of aerobic 
and anaerobic decay.
SYN-DEPOSITIONAL DIAGENESIS OF EXINITE
Various studies of both coals and modern peats indicate that the 
preservation and fluorescence characteristics of exinite macerals may be 
affected by early diagenetic processes in peat. In addition the 
degradation of alginite may contribute to the hydrogen content of 
vitrinite.
Spore degradation (corrosion and thinning) in modern peats is 
accompanied by changes in fluorescence characteristics (van Gijzel 
1971). The amount of degradation is dependant on both species and 
chemical or biological environment. Some species are more susceptible 
in an acid medium whereas others are more susceptible in an alkaline 
medium. Regardless of pH, some soil environments are more conducive 
to degradation than others (Havinga 1971).
There is also geological evidence that indicates peat diagenesis is 
affected by extremes of pH. Brackish and marine peats (alkaline) 
and coals with a marine roof are characterised by a paucity of sporinite 
(Teichmuller 1982, p.248). A comparative plot of H/C vs O/C for several 
coals of similar age, indicates that concentrates of spore-rich exinites from
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"paralic" coals have a lower hydrogen content than those of "limnic" 
coals (Cooper and Murchison 1971). The differences in hydrogen 
content appear to be related to changes in alkalinity of the original peat 
environment.
On the other hand it has been argued that very acidic peats (pH 2-4) 
could produce significant exinite oxidation (Smith 1981, pp.188-189). 
The low proportion of exinite and the perhydrous characteristics of 
vitrinite in some specific coal lithotypes associated with high acidity, 
have been attributed to severe degradation (Smith 1981). Algae 
comprise a common component of many peat environments yet are 
comparatively under-represented in humic coals. It has been argued 
that algae are the exinites most susceptible to degradation under acidic 
conditions (Smith 1981). It is most probable that degraded algal 
substance forms bituminite or is assimilated in vitrinite, particularly in 
detrovitrinite (Teichmuller 1982, pp.264-266); the high contents of 
fatty and proteinaceous substances in algae, would in these 
circumstances, contribute to an increase in hydrogen and nitrogen in the 
vitrinite.
Several authors have inferred changes in palaeo- environment, at 
least partly, on the basis of upward changes in fluorescence 
characteristics. A spectral shift of about 20nm (to the red end of the 
light spectrum) is associated with a 0.1% decrease in R0max in some 
iso-metamorphic Japanese coals (Fujii et al. 1985). These authors 
infer this results from a change (unspecified) in "palaeo-environment". 
Similarly changes in visual estimates of relative intensity have been 
referred to from the Brunner Coal Measures at Pike River (Newman
1984); these changes have been interpreted to result from changes in peat 
drainage and oxygenation.
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In summary there are numerous ways in which early diagenesis may 
affect changes in fluorescence characteristics of exinite. Inference 
regarding a single cause can be tenuous. Extremes of alkalinity or 
acidity may reduce exinite content. Moreover, the diagenetic 
degradation of exinite, and in particular, alginite, may contribute to the 
perhydrous character of some vitrinite.
THE ORIGIN AND OCCURRENCE OF HIGH SULPHUR CONTENTS IN 
COAL
Coals with high total sulphur contents are invariably overlain by 
marine lithologies (e.g. Williams and Keith 1962; Horne etal. 1978). 
Both intra-seam and inter-seam upward increases in total, pyritic and 
organic sulphur are characteristic (e.g. Chandra et al. 1983). Coals with 
high organic sulphur are generally perhydrous (e.g. Tangorin Seam,
N.S.W., Marshall and Draycott 1954). High sulphur contents may be 
of primary or secondary origin and both depend on an abundance of 
sulphur species from microbially reduced sulphate. Saline peats 
exhibit high sulphur that has been incorporated during deposition (e.g. 
Cohen et al. 1984; Given and Miller 1985). In contrast the high 
sulphur contents of coals deposited in an inferred non-marine setting but 
with a close association to marine lithologies, have often been interpreted 
as due to downward percolation of sulphate bearing waters (e.g. Smith 
and Batts 1974, on the basis of isotopic composition). However in a 
paralic geological setting it may be equally conceivable for the 
fresh/saline water-interface to migrate and the high sulphur content 
reflect a temporary influx of saline waters that is otherwise unrecorded 
by the depositional sequence beyond the coal seam. In this case 
sulphur content reflects distance from the sea at the time of deposition 
rather than vertical distance from overlying marine beds.
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The formation of pyrite and organic sulphur in both the 
freshwater and brackish-marine peats of Georgia and Florida has been 
the subject of numerous investigations (e.g. Altschuler et al. 1983;
Cohen et al. 1984; Given and Miller 1985; Casagrande and Ng 1979; 
Casagrande and Siefert 1975; Casagrande et al. 1977,1979,1980). 
Their studies indicate that pyrite forms by reaction of Fe2+ with HS", H2S 
or bacterially reduced organic sulphur during either syn- or 
post-depositional stages. Primary organic sulphur in coal originates from 
either sulphur that was assimilated by plants in amino acids or by the 
reaction of elemental sulphur or PI2S with peat; in high sulphur coals 
plant assimilated sulphur comprises only a small fraction of total 
organic sulphur. Sulphur species formed by microbial sulphate 
reduction may also react with peat during post-depositional stages to 
form organic sulphur. Surprisingly little is known of the chemistry of 
organically bound sulphur other than the general character of its 
molecular linkage. Organic sulphur groups in coal comprise thiophenes, 
aromatic and aliphatic sulphides, thiols and thiophenols (Attar 1979). In 
peats, up to 25% of the organic sulphur occurs in ester sulphate 
linkages (C-O-S) but their presence has not been reported in coals 
(Casagrande and Siefert 1975). In low rank coals most organic sulphur 
occurs as thiols or aliphatic sulphides whereas in high rank coals 
thiophenes predominate; the aromatisation of sulphur with rank is 
related to the progressive aromatisation of carbon (Attar 1979).
Organic sulphur content varies with type. Vitrain 
characteristically has a higher organic sulphur content than fusain from 
the same seam (Price and Shieh 1979). Microprobe analyses of 
macérais reveal that exinite, vitrinite and inertinite respectively have 
relatively high, intermediate and low organic sulphur contents (Harris et 
al. 1977; Hseih and Wert 1978). These results are from coals with
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moderately low organic sulphur; the distribution in coals with high 
organic sulphur ( 2.5%), has not been documented.
Sulphur isotopes may provide some indication of the primary 
versus secondary origin of organic and pyritic sulphur (e.g. Smith and 
Batts 1974; Westgate and Anderson 1984). The basis of inference is 
that in an open system, bacterial reduction of an unlimited supply of 
sulphate ions causes a depletion of S relative to S; this occurs in the 
high sulphur marine peats of Florida (Casagrande and Price 1979). In 
contrast, in a closed system, which secondary sulphur incorporation 
approximates, little or no fractionation occurs. The extent of 
fractionation is also dependant on the rate mechanism of sulphate 
reduction (reviewed by Westgate and Anderson 1984). Depletion of 34S 
relative to 32S is measured as a permil deviation 6̂ 32S°/00) from a 
reference standard (Canyon Diablo Meteorite troilite). Comparison of 
6 34S°/0o estimated for seawater at the time of deposition (Claypool 
et al. 1980) provides an indication of the extent of fractionation.
ANOMALOUSLY LOW VITRINITE REFLECTANCE AND ASSOCIATED 
FEATURES
A search of the literature indicates many occurrences of vitrinite 
that can be considered to have anomalously low vitrinite reflectance.
The basis of considering vitrinite reflectance to be unusually low is that 
adjacent lithologies of the same or similar rank have significantly higher 
reflectance and in depth/vitrinite reflectance profiles the vitrinite 
reflectances fall significantly below the line of best fit. The instances 
of anomalously low vitrinite reflectance are widely distributed 
temporally, spatially and in geological setting. Whilst some occurrences 
have been known since the middle 1950’s, it is only in the last ten years
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that the number of documented examples have been sufficient to 
make this phenomena common knowledge.
Reflectance for organic substances is in large part related to 
aromaticity. The dependance of reflectance on aromaticity holds 
regardless of the combined effects of variation in composition and 
biochemical modification (type) and burial effects of protracted 
temperature elevation (rank). The term "aromaticity" refers to the 
proportion of carbon atoms bound in ring structures with delocalised pi 
electrons. In relatively simple model compounds the degree of 
aromaticity affects in turn average carbon-carbon bond lengths, 
density, molar refraction and hence reflectance (van Krevelen 1960). 
Coal, by comparison, consists of considerably complex molecules and 
although the computation of aromaticities for various macerals based on 
these model compounds can be questioned (Gerstein 1982), the 
validity of extending the simplistic view of model compounds to coal is 
that, for practical purposes, it works. The correlation between
H/C atomic ratio, considered to be a reliable indicator of 
aromaticity, and vitrinite reflectance in the bituminous rank range, is 
excellent (McCartney and Teichmuller 1972; Jones etal. 1984). A 
particularly illuminating example by Petrova et al. (1985) compares the 
ultimate analyses, vitrinite reflectance, volatile matter yield and infra-red 
spectra from coal seams with coaly material ("gagate") from immediately 
overlying strata. Whilst carbon content of the two materials is almost 
identical, the H/C ratios, volatile matter yield, vitrinite reflectance, 
functional groups and proportion of aromatic carbon are significantly 
different. The significance of this study is that at the same rank, changes 
in reflectance of vitrinite, for whatever reason, can be expected to be 
associated with changes in aromaticity of vitrinite, H/C ratio and volatile 
matter yield.
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Enhanced anaerobic decay is one means whereby abnormally low 
vitrinite reflectances may originate. Teichmuller and Teichmuller (1982, 
pp.35-36) state, "Generally, vitrinite reflectivity within the same coal seam 
falls with decreasing redox potential of the original peat and in the same 
way, the H:C ratio and the volatile matter yield rise". Perhydrous vitrinites 
may result which "become impregnated in the early bituminous-coal stage 
with extractable bituminous substances and then show a distinct 
reddish-brown flurorescence under blue light excitation. In the 
coking-coal stage these vitrinites soften relatively quickly and swell 
strongly". It should be noted that whilst the abundance of soluble 
bitumens and the development of secondary fluorescence is generally 
attributed to an increase in the rate of generation, a decrease in the rate 
of expulsion of fluids at rank levels greater than about 0.7% R0max might 
also be a significant factor (see Cook and Struckmeyer 1985). 
Teichmuller (1982, p.227) suggests that varying amounts of 
hydrocarbons of microbial origin may be one reason for the variation in 
vitrinite reflectance of different vitrinite samples of the same rank. One 
way in which anaerobic decay may be enhanced is by the presence of 
mildly alkaline brackish waters. In support of this Francis (1961, 
pp.629-631) notes that the Katharina Seam, Germany, characterised by 
low vitrinite reflectance, high volatile matter yield and swelling 
characteristics, particularly in its upper part, is overlain by marine 
sediments. Marine-influenced coals of the ’Interior Province’ of the 
United States (Illinois, Kentucky, Indiana, Missouri, Iowa, Oklahoma) are 
also characterised by low vitrinite reflectance and exceptional coking 
characteristics and in many cases by high to very high sulphur content 
(Waddell et al. 1978). Relatively low vitrinite reflectances in the 250 
metre thick Paparoa-Brunner Coal Measure succession, Pike River 
Coalfield, New Zealand have been recorded by Newman and Newman 
(1982). They attribute the low vitrinite reflectance anomalies in both 
the intermontane lowermost Paparoa coal seams and the overlying
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paralic Brunner seams to anaerobic peatification. They also suggest 
the intensity of anaerobic decay in the Brunner peats may have been 
affected by proximity to a marine environment. In contrast they 
suggest low vitrinite reflectances in the lower Paparoa coal seams can be 
attributed to anaerobic conditions associated with "very wet swamp 
conditions, possibly coupled with a cellulose rich and/or lipid rich flora". 
In the Butler Coalfield within-seam differences in vitrinite reflectance in the 
Brunner coals have been attributed by Newman (1984, also incorporated 
in Newman 1985a,b) to be entirely due to variable drainage associated 
with a raised peat environment.
Fujii et al. (1985) have reported differences in vitrinite reflectance 
of up to 0.1% R0max at constant rank in the Eocene coals of Japan.
The decreases in vitrinite reflectance are accompanied by changes in 
volatile matter yield, fluidity, sporinite flurorescence and degradinite 
content. These authors have not reported the geological context of 
the coals and have only hinted at the influence of anaerobic decay by 
stating "these phenomena are... related to physico-chemical changes 
that occurred during the earliest stages of diagenesis".
Shales with a considerably lower vitrinite reflectance than 
underlying humic coals (Romax 0.42 vs 0.52) have been reported by 
Bostick et al. (in press). They offer no explanation. Where bitumens are 
abundant and present as cross-cutting veins, anomalously low vitrinite 
reflectance is a common feature. Many Indonesian coals are associated 
with abundant bitumens and anomalously low reflectance (Cook 
1987). Increases in the H/C ratio of extracted humic acids associated 
with increasing ash contents of peat have been documented by 
Timofeev and Bogolyubova (1978). It is uncertain as to whether they 
view mineral matter as having a causative or casual role. In one instance 
they state "the mineral substance retards the coalification process"
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whereas later in the same article they conclude "the chemical composition 
of organic substance is influenced by hydrogeochemical peculiarities of 
the facial environment of sedimentation..."
The most widely forwarded alternative to hydrogen enrichment of 
vitrinite by anaerobic decay processes is assimilation of hydrocarbons 
generated by exinitic components during diagenesis. Hutton and Cook 
(1980) have demonstrated an inverse relationship between alginite 
content of coals (associated with oil shales) and vitrinite reflectance. 
Price and Barker (1985), reporting on both their own and several thesis 
studies in the United States, Kalkreuth (1982), and Goodarzi (1985) 
have all found inverse relationships between exinite content and 
differences in vitrinite reflectance at the same rank. It is also possible algal 
remains may be assimilated by vitrinite during early peat diagenesis 
(Teichmuller 1982, pp.264-266).
Moisture content has the capacity to influence vitrinite reflectance.
This has been demonstrated experimentally by Harrison (1965) and 
Harrison and Thomas (1966). They artificially increased and decreased 
moisture contents of otherwise identical samples and produced an 
inverse change in vitrinite reflectance. Waddell etal. (1978) have noted 
the association of low vitrinite reflectance, high moisture and porosity in 
coals of th e ’Interior Province’ of the United States. An inverse 
relationship between vitrinite reflectance and moisture in coals that have 
been judged to be of near-identical rank, in the moisture range 5-20% 
and vitrinite reflectance range 0.4-0.7% Romax, has been illustrated by 
Suggate and Lowery (1983). Whilst their findings have relevance in 
interpretation of similar maturation levels (temperature, time) associated 
with contrasting burial depth (insofar as this affects porosity and 
moisture), they are not as important in considering changes that occur 
over metres in which the physical conditions can be regarded as
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constant. The scatter in bivariate plots of vitrinite reflectance vs H/C 
ratio in low rank coal (e.g. McCartney and Teichmuller 1972) may well 
be a consequence of extremely variable moisture.
Coals from the 'Interior Province’ of the United States have 
relatively high hydroxyl contents and it has been suggested that the 
chemical structure of these vitrinites could contribute to their low 
reflectance (Waddell et al. 1978).
The nature of roof strata is probably a partial factor in influencing 
decreases in vitrinite reflectance toward the top of some coal seams. In 
Carboniferous coals from Northumberland and Durham, Jones et al. 
(1971) have documented decreases in vitrinite reflectance towards the 
tops of seams with a sandstone roof, whereas seams with a shale roof 
show little, if any, change. They have suggested that the high thermal 
conductivity of sandstones contributes to the development of a small and 
local geothermal gradients and fall in reflectivity of vitrinite.
Overpressuring in thick shale systems may cause a reduction in 
thermal conductivity. McTavish (1978) has presented data that indicates 
the correlation co-efficient between vitrinite reflectance and present 
temperature is greatly improved if a factor for overpressuring is included 
in the regression.
Vitrinite derived from certain plant types or plant parts may be low in 
reflectance. Both mesophyll and root derived plant material have been 
observed to have low vitrinite reflectance (A.C. Cook, pers. comm. 1986). 
Jurassic coals from Siberia have been shown by Lapo (1978) to have 
much higher volatile matter and tar yields than Ukrainian 
Carboniferous coals of the same rank (both have very high vitrinite 
contents). Lapo (1978) suggests that the characteristics of the Jurassic 
coals may be due to the predominance of bush and shrub vegetation
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and by "stagnant conditions of environment". Whilst no vitrinite 
reflectance data are presented by Lapo, it is most likely that, given the 
high vitrinite content and strong correlation between volatile matter yield 
and vitrinite reflectance (Brown et al. 1964; McCartney and Teichmuller 
1972), vitrinite reflectance is also affected.
Multivariate studies by Neavel et al. (1981) have indicated that vitrinite 
reflectance (and pyrolysis liquid yields) are related to total elemental 
composition of the coal. Whilst there is a generally close relationship 
between H/C and vitrinite reflectance, Neavel et al. (1981) find that it is 
substantially improved if both organic sulphur and nitrogen are 
accommodated. Moreover their regression equation predicts that at 
the same rank, an increase in organic sulphur and/or a decrease in 
nitrogen, will result in a decrease in vitrinite reflectance. Various 
geological factors (e.g. Eh/pH, ion availability, plant types discussed 
elsewhere in Parts B and C of this Chapter may effect the incorporation of 
nitrogen and sulphur in peat.
In summary, there are many explanations for the occurrence of 
anomalously low vitrinite reflectance and the variety of occurrences 
indicate that some explanations will be more tenable than others in a 
particular situation. The effects include lowering of aromaticity via 
enhanced anaerobic decay or assimilation of aliphatic hydrocarbons 
generated by exinites, and in particular alginite. In addition to the effects 
of aromaticity and the nature of carbon-carbon bonding the proportions 
of S and N may also have some effect. The nature of peat forming 
vegetation, small local geothermal gradients associated with contrasting 
roof lithologies of coals and localised overpressuring may also be 
relevant in specific situations. Moisture may also be important at 
ranks ranging from lignite to high volatile bituminous.
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PART C - BACKGROUND TO CHARACTERISTICS OF BRUNNER 
COALS
EARLY-MID TERTIARY PALAEOCLIMATE AND EOCENE 
PEAT-FORMING VEGETATION OF THE SOUTH ISLAND
There is general agreement from both palynological and oxygen 
isotope studies on the timing of major cooling and warming events 
during the early to middle Tertiary in the New Zealand region. There 
have been no palynological or palaeobotanical studies, comparable to 
those in Victorian coals (outlined below), to specifically elucidate the 
succession of Brunner peat-forming vegetation assemblages.
However there is sufficient information, gleaned largely during the 
course of stratigraphic studies, to make some generalisations about the 
Eocene peat-forming vegetation of the South Island.
Palaeotemperature curves for surface waters on the South 
Campbell Plateau and South Tasman rise (10o south of Westland) 
indicate subtropical conditions of the Paleocene were followed by 
cooling throughout the Eocene and maintenance of cool temperatures 
throughout the Oligocène (Shackleton and Kennett 1975). Oxygen 
isotope curves from New Zealand shallow water sequences indicate 
rising sub-tropical temperatures during the late Eocene and a rapid 
decrease to cool temperatures during the early Oligocène (Devereux 
1967). Differences in the curves probably reflect latitude and, at least 
in part, local peculiarities of near-shore environments. Although New 
Zealand was located further south during the Eocene than its present 
latitude (Weissel etal. 1978; Crook and Belbin 1978), global 
temperatures were considerably warmer. Cooling during the Oligocène 
was a worldwide event.
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The Eocene vegetation of New Zealand and Victoria contains taxa 
that at present, have both cool-temperate and subtropical 
distributions. Whilst mixed palynological assemblages can form in 
regions characterised by high altitudinal gradients, New Zealand was 
low-lying during the Eocene. This unusual combination may indicate 
differences in ecology between Eocene taxa and recent descendants or 
that there is no modern climatic analogue (Kemp 1978; Mildenhall 
1980). At the end of the Paleocene, inferred to have been 
subtropical, Nothofagus replaced podocarps as the dominant forest 
element. Cooling during the early Eocene is suggested by the 
dominance of the N. fusca group and warming during the late Eocene by 
the increasing presence of the N. brassi group and various subtropical 
taxa (Fleming 1975; Mildenhall 1980).
Amongst the palynological data directed toward stratigraphic 
studies, several statements regarding peat forming vegetation of South 
Island Eocene coals have been made. Couper (in Suggate 1957, p.67) 
suggested the peat forming vegetation of the Reefton/Garvey Creek 
coals was probably dominated by sedges (Cyperaceae) and 
angiosperms (Proteaceae, Liliaceae, Myrtaceae), whilst conifers 
(Podocarpaceae) comprised a minor component. To what extent this 
assemblage is representative of Brunner coal seams elsewhere is 
unknown. Couper (in Bowen 1964) has suggested that ferns, mosses 
and herbaceous vegetation were major peat contributors of coal seams in 
the Eocene Beaumont Coal Measures, Ohai. In addition to palynological 
evidence, the widespread occurrence of small lumps of bled resin in 
sub-bituminous coals, [e.g. Charleston (Penseler 1931) and the 
Beaumont Coal Measures, Ohai (Bowen 1964)] indicate the presence of 
Araucariaceae in Eocene peat swamps. These resins, including some 
from the Brunner seam, Greymouth, have close chemical affinities to 
the modern kauri, Agath is australis (Brandt 1939; Thomas 1969).
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Their absence in bituminous coals probably reflects their destruction 
with increasing rank (Shanmugam 1985). The present ecological 
preferences of Nothofagus suggest that it lived in areas situated above 
and adjacent to coal-forming basins and that although it is the dominant 
palynomorph in Eocene coals, it did not contribute to peat formation; 
this is also suggested by the absence of woody remains of Nothofagus 
in the lignites of Victoria (Duigan 1965).
LATE CRETACEOUS-MIOCENE COALS OF VICTORIA
There are several studies from the late Cretaceous-Miocene coal 
bearing sequences of Victoria, encompassing palynological, palaeo- 
botanical and petrographic data that have made a significant 
contribution toward an understanding of the way in which changes in 
the character of peat swamps have influenced petrographic 
characteristics (Duigan 1965; Luly etal. 1980; Blackburn 1981, 1985; 
Kershaw and Sluiter 1982; Smith 1981,1982; McKay etal. 1984,1985). 
In addition, the effects of lithotype and petrography on utilisation 
characteristics and chemical parameters have been documented 
(Allardice 1977; George 1982; Verhyen et al. 1982). Similar 
relationships have been documented in the Rhenish lignites of Germany 
(Wolfrum 1983). The petrographic characteristics of Victorian and New 
Zealand coals are similar; this is in large part due to the similarity in the 
palaeoclimatic and vegetation histories of both regions. In the 
absence of comparable studies that integrate palynological, 
palaeobotanical, petrographic and organic geochemical data, the 
Victorian studies are particularly relevant to the interpretation of 
Brunner and other New Zealand coals.
Three organic facies, based on age, tectonic and sedimentary 
setting and coal type have been recognised in the Gippsland and Bass
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Basins (Smith 1981, 1982; Smith and Cook 1984). Their 
characteristics and a comparison with Brunner coals are presented in 
Table 2.1. Coals of the Latrobe Valley Facies are characterised by low 
telovitrinite and inertinite contents and ash yield. The detrovitrinite 
content of Latrobe Valley Facies coals is high. In contrast the Lower 
Eastern View Facies have relatively high inertinite and ash contents. 
The Upper Eastern View coals are intermediate in telovitrinite and 
contents, and ash yield; detrovitrinite content is intermediate to relatively 
high. Coal seams of the Latrobe Valley are thick and relatively extensive 
whereas those of the Lower Eastern View Facies are sparse, thin and 
of limited lateral extent; the Upper Eastern View Facies are also 
intermediate in these characteristics (Table 2.2). Smith (1981, 1982) and 
Smith and Cook (1984) suggested the changes in petrography and 
seam geometry are related to changes in floral, climatic and subsidence 
characteristics. The decrease in telovitrinite is associated with a 
change from swamps dominated by forest to those with a large 
component of open woodlands. The decrease in inertinite content is 
associated with a decrease in temperatures and concommitant 
reduction in extent of wet oxidation. The decrease in mineral matter 
(and increase in seam thickness, extent) is associated with declining 
subsidence rates.
In addition to the generalities of inter-seam characteristics of the main 
facies divisions, the intra-seam characteristics of the Latrobe Valley 
Facies, and in particular the Yallourn Seam (lignite), have been studied 
in detail. Five lithotypes are recognised, primarily on the basis of 
colour (George 1982). The transition from dark to light lithotypes is 
accompanied by an increase in exinite, detrovitrinite, sclerotinite, 
volatile matter, hydrogen and aromaticity of extracted humic acids 
(reviewed in Table 2.2, after Allardice et al. 1977; Verheyen et al. 1982; 
George 1982; Smith 1981). The transition from dark to light lithotypes in
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theYallourn Seam has been interpreted as representing the 
transition from rainforest through open woodlands, to reed and sedge 
vegetation. Pale lithotypes which are generally thin and of limited 
lateral extent, have been interpreted as representing open water deposits 
(Lulyetal. 1980; Blackburn 1981; Kershaw and Sluiter 1982). Pale 
lithotypes of Rhenish Miocene lignites have also been interpreted as 
open water deposits (Teichmuller 1982); this interpretation is derived 
largely from the succession of peat types in modern Florida swamps. 
In general, the most abundant plant macrofossils in each lithotype are 
roots which have originated from the plant community that formed the 
overlying lithotype. Similarly, amber fragments are most abundant in the 
beds below those lithotype substrates in which Araucariaceae were 
present (Blackburn 1982, summarised in Verheyen et al. 1982).
The opposing view that vegetation does not control lithotypes has 
considerable substance. Smith (1981) notes that abundant 
sclerotinite is inconsistent with an open water setting and suggests the 
pale lithotypes are the remane deposits of a raised bog setting. In the 
Victorian lignites, lightening upwards cycles are the most common type 
of cycle where darkening upwards would be expected from repeated 
cycles of encroachment of forest communities onto open water deposits 
(Mackay et al. 1984,1985). There is also an upward increase in the 
proportion of bands* (Mackay et al. 1985; Table 2.2). More recent 
studies in the Morwell Seam suggest that coal floristics are poorly 
correlated with lithotype (Blackburn 1985).
*Mackay et al 1985 have used the term banding in connection with 
frequency of lithotype changes whereas Hagemann and Höllerbach 1979 
use the term to indicate proportion of xylite.
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Various studies of Rhenish coals are of particular relevance. An 
increase in the proportion of dark lithotypes (banded, xylitic) is associated 
with an increase in homohopanes (microbial source) and on this basis 
are inferred to reflect more intensive anaerobic decomposition 
(Hagemann and Hollerbach 1979). In addition lithotype colour changes 
are independent of plant macrofossils and pollen spectra (von der 
Brelie and Wolf 1983; several studies reviewed in discussion by 
Hagemann and Hollerbach 1979; Hagemann and Wolf, 1987).
The nature of cyclicity, organic geochemical, palaeobotanical and 
palynological evidence from the Victorian and Rhenish coals suggest 
the dark to light cycles represent transition from anaerobic to more 
aerobic decomposition regardless of vegetation type (Mackay et al.
1985). The reason for an increasing tendency to aerobic decay, as 
indicated by an upward increase in the proportion of pale lithotypes, 
is not known but it would appear to be a common feature in both the 
geological record and modern peats. Upward increases in inertinite 
are characteristic of many Permian seams of Australia (Smyth and 
Cook 1976) and Carboniferous seams of Britain (Smith 1962, 1968). 
Modern Spagnum  peats are characterised by cycles with an upward 
tendency to increased humification (Chapter 2, Part B). Although there 
may be a tendency toward aerobic decay throughout the life of a peat, 
the terminal phase of peat accumulation via drowning can be expected 
to be more anaerobic in character (unless subsidence is extremely 
rapid). Many Permian coals whilst exhibiting an overall increase in 
inertinite, exhibit vitrite-plus clarite-rich layers toward the top (Smyth 
and Cook 1976). Reasons for the long term change in the relative 
importance of aerobic decay processes may well be related to climatic or 
subsidence factors (Chapter 2, Part B).
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COMPARISON OF BRUNNER AND VICTORIAN COALS AND SEAM 
CHARACTERISTICS
The petrographic features of the Brunner coals most closely 
resemble coals of the Latrobe Valley Facies. The latter are 
characterised by very low telovitrinite, inertinite and ash (Table 2.1).
The seam geometry (thickness, extent, splitting) indicate the subsidence 
history of the Brunner Coal Measures was most akin to the Upper 
Eastern View Facies and that palaeoclimate, as inferred from floral 
assemblages and oxygen isotope data, was also similar to those in the 
Upper Eastern View Facies (Kemp 1978; Mildenhall 1981). The only 
feature that coals of the Brunner Coal Measures have in common with 
coals of the Lower Eastern View Facies is the proximity of marine 
environments but this does not appear to be reflected in similarity of seam 
geometry or petrographic characteristics.
Whilst the petrographic features are similar, there are differences 
in the palaeoclimate conditions and vegetation of the Latrobe Valley 
and Brunner coals. The climate in New Zealand during the Middle-Late 
Eocene was warm and wet, whilst in Victoria during the Oligo-Miocene it 
was cool and wet with increasing dryness during the Miocene. The 
Latrobe Valley vegetation was characterised by open woodlands and 
mixed sclerophyll forests. The heathland herbaceous families 
Restionaceae, Centrolepidaceae and Liliaceae are well represented in 
Labtrobe Coals (Luly et al. 1980) where they were probably significant 
contributors to the formation of detrovitrinite (Smith 1981). The low ash 
content of Latrobe Valley coals suggests the peats were oligotrophic; 
the Restionaceae family and other sclerophyll taxa are well adapted 
to this condition. However the Restionaceae, which are capable of 
forming thick, raised, low ash peats (Campbell 1964), did not appear 
in New Zealand until the Oligocene (Mildenhall 1980).
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CHAPTER THREE 
BULLER COALFIELD : GEOLOGY
The Buller Coalfield is located northeast of Westport. The Brunner 
Coal Measures are exposed along the length of the Papahaua Range 
from Mount Rochfort to Mount Augustus, and northeast to 
Seddonville (Figure 3.1).
STRUCTURE
The structure of the Buller Coalfield is dominated by a broad gently 
arching northeast trending anticline ("Denniston Anticline") and a 
northeast trending fault system (Figures 3.1 and 3.2). It is flanked to the 
west by an escarpment-forming monoclinal fold/fault system ("Papahaua 
Overfold" of Laird 1968; see Figure 3.1) which separates the elevated 
Papahaua Range from a narrow coastal plain.
For a considerable part of its length, the axis of the Denniston 
Anticline is coincident with the crest of the Papahaua Range and 
encompasses the peaks of Mount Rochfort (1040 metres), Mount 
Augustus (1010 metres) and Mount Frederick (1106 metres). North of 
Mount Augustus, it plunges at about 10 degrees and the flanks generally 
dip at about 5-15 degrees (Figure 3.2). At the northern end of the 
coalfield in the vicinity of the Ngakawau River-Charming Creek area, 
smaller scale anticlines and synclines are developed.
The majority of faults appear to be high-angle and normal; this 
assertion is based largely on step-like topography in the vicinity of fault 
traces.
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Northeast trending faults tend to have the largest throws. The most 
prominent of these, the Mount William Fault, is at least 10 kilometres 
long. It has a throw of about 300 metres in the vicinity of Mount William 
that diminishes to less than 50 metres at its northern end. Cave (1983) 
cites evidence that for part of its length, the Mount William Fault is a 
reverse fault. Other northeast trending faults of several kilometres length 
include the Kiwi and Webb Faults (Figure 3.2). The most prominent 
northwest trending faults are the Millerton and Mangatini Faults. They 
are several kilometres in length and both have throws of up to 50 
metres. Numerous other northwest trending faults of lesser throw (up to 
10 metres) have been recorded in the northern part of the coalfield. The 
paucity of a similar density of faults in the southern part of the Buller 
Coalfield probably reflects the lack of detailed geological investigation.
The fault trends illustrated in Figure 3.2 are based on unpublished maps 
by New Zealand State Coal Mines, interpretation of aerial photographs and 
field observations by the author, and an unpublished synthesis by S. 
Nathan (1980) of geological data in N.Z. Geological Survey Bulletin No. 17 
and aerial photograph interpretation. The faults have been detected 
during mapping of lithostratigraphic units, and mining. Aerial photographs 
indicate pronounced lineaments in sparsely vegetated sandstone outcrop, 
which upon follow-up field investigations, invariably prove to be faults. 
Faults displacing the Brunner Coal Measures may have been initiated at 
any stage after deposition of the Brunner Coal Measures or they may 
represent rejuvenated faults that were active during or prior to deposition 
of the Brunner Coal Measures. Most faults have probably had several 
episodes of movement. The step-like topography associated with some 
faults indicates recent movement associated with uplift of the Papahaua 
Range. Apart from this feature there is no direct geological evidence for 
the age of the fault initiation and subsequent movement (eg igneous 
intrusions cutting or cut by faults; buried faults as revealed by seismic data
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or field mapping of faults in the Brunner Coal Measures that terminate at a 
sedimentary contact with the overlying Kaiata Formation; structures 
related to faulting in soft or wet sediments). However, by way of inference, 
the similarity in trends of isopachs and faults suggests many of the faults 
were active during deposition of the Brunner Coal Measures.
STRATIGRAPHY
General
The Brunner Coal Measures comprise a relatively simple 
succession that is 30-100 metres thick over most oftheBuller 
Coalfield (Figure 3.3). The succession comprises basal conglomerate 
overlain by grit and a thick laterally persistent coal seam that in places 
comprises two or more splits. An uppermost assemblage of tabular 
sandstone units and mudstone with minor thin coal seams has a local 
distribution. Bioturbate sandstone/grit units of the Millerton Sandstone 
(new formation) overlie the Brunner Coal Measures. Outcrop 
characteristics and physiography associated with the Brunner Coal 
Measures and Millerton Sandstone are illustrated in Plates la,b,c,d,g. In 
many places the Millerton Sandstone rests directly on the coal seam. 
The contact between the Millerton Sandstone and underlying 
association of tabular sandstone and mudstone is gradational. The 
coal seam rests on or close to basement in some localities whereas in 
others it may be of the order of tens to a hundred metres above 
basement, indicating substantial basement topography at the time of 
deposition. The Brunner Coal Measures unconformably overlie Greenland 
Group quartzite and phyllite of Pre-Cambrian age, hornfels and a 
variety of granitic lithologies. Between Mount Rochfort and the Buller 
River, they overlie Hawks Crag Breccia (Middle Cretaceous).
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The Brunner Coal Measures in the Buller Coalfield are of 
Bortonian-Kaiatan age (Late Eocene, MH2 microspore zone of Raine, 
1984, in Nathan et al. 1986) and younger than those in the Greymouth 
Coalfield. Attempts to obtain palynomorphs from the 270 metre thick 
conglomerate succession at Mount Rochfort (K29, f74-79) which must be 
older than the rest of the Brunner Coal Measures, have been 
unsuccessful because of high rank (R0max 1.3%).
An outline of distinguishing characteristics, thickness and 
distribution of the main units follows. Most isopachs and 
cross-sections were drawn in late 1983. Since then there have been 
several drilling programmes from which some information has been 
included. Sedimentological details are outlined in a subsequent 
chapter.
Two sets of cross-sections, generally perpendicular to each other 
and based on field sections and selected drill-hole data, provide 
correlation of adjacent areas (Figure 3.4). In each area, one of the sets 
of cross-sections has been drawn at right angles to isopach trends 
and illustrates the most extreme thickness changes. Correlation of 
drill-hole data is generally aided by close spacing of drill-holes and 
concomitant exposure of a laterally traceable coal seam or its splits.
In several areas, data is entirely subsurface (Millerton township, 
Blackburn Stream). The datum selected for the sections is, where 
possible, the top of the Brunner Coal Measures. Where this has been 
removed by erosion the top of the laterally extensive coal seam has 
been used. Mudstone units, by comparison, are relatively impersistent 
and at best can only be traced for several hundred metres whereupon 
they split, thin or have been eroded out.
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The isopachs of various intervals are based on a density of profiles 
that ranges from sparse (one to several kilometres apart) to abundant 
(50-150 metres apart). Thickness of upper units is often a minimum 
because of erosion. Drilling targets have generally been to the base of 
the coal seam or its lowermost split (and up to several metres beyond), 
and therefore data regarding the full thickness of basal conglomerate 
and grit is relatively sparse.
Brunner Coal Measures 
Basal Conglomerate and Grit
Conglomerate dominated sequences occur locally at the base of the 
Brunner succession. Where present, they are commonly of the order of 
two to ten metres thick (Figures 3.4 A-P). Isopach trends on the thin 
isolated conglomerate occurrences cannot be estimated with the 
existing data base.
In the Mount Rochfort vicinity the conglomerate dominated 
sequence is about 270 metres thick. The conglomerate lenses 
northwards to zero thickness over several kilometres (Figure 3.4 P). The 
first northerly occurrences of zero thickness suggest isopachs have a 
northwest orientation. There is insufficient data to detect closure of the 
isopachs northwest of Mount Rochfort, and to the southeast of Mount 
Rochfort the succession has been eroded (Figure 3.6). Any possible 
relationship with the Papahaua Fault Zone and Mount William Faults 
(both associated with a vertical throw of more than 300 metres), is 
unknown.
Conglomerate, if present, always occurs at the base of the 
succession. It is often present in relatively thin sections whereas in
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adjacent thick sections it may be absent (Figures 3.4 B,H,L). Its 
distribution does not always accord with a simple filling of coarsest 
lithologies in the lowest areas of basement topography.
A thick sequence of basal grit extends along the Waimangaroa 
Valley (Figures 3.4 A,B,C,D,I,K,L,M). In the uppermost part of the 
Waimangaroa Valley the isopachs bifurcate (Figure 3.6). One arm 
continues to the northeast, the other extends to the north-northeast at 
least as far as the Ngakawau River-Repo Stream vicinity.
Buller Seam Member and Intersplit Clastics
The thick laterally extensive coal seam and its splits are referred 
to hereinafter as the Buller Seam Member. The Buller Seam Member 
may split into two or more seams (two of which have also been given 
member status); these splits may also split (Figures 3.4 A-P). Whilst the 
Buller Seam Member is generally two to 12 metres thick and locally up 
to 20  metres thick, there are localities where the seam can be traced 
laterally into thin dirty coal, carbonaceous mudstone or a palaeosol.
(a) Northern Buller Coalfield
In the northern part of the Buller Coalfield, Morgan and Bartrum 
(1915) recognised that seams in the Fly Creek area were upper and 
lower splits of the same seam (Figures 3.4 A-B). They respectively 
named the upper and lower splits the "Mangatini" and Matipo Seams 
(henceforth referred to as the Matipo and Mangatini Seam Members). 
The Matipo Seam Member, restricted to the Fly Creek area is eroded out 
to the north and west, whereas the Mangatini Seam Member splits again 
to the northwest. The lower split of the Mangatini Seam Member 
comprises' the mined seam in the Webb/Baynes, Millerton, Rockies and
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Stockton areas whereas the upper split of the Mangatini Seam rarely 
exceeds one metre in thickness and in many instances is represented 
only by a palaeosol.
The Brunner succession passes laterally from areas characterised by 
thick seams to those in which coal is absent or comprises numerous thin 
seams. In the central Webb/Baynes area the Mangatini Seam is five to 
twenty metres thick. One kilometre to the northwest and southeast, 
northwest trending zones several hundred metres wide, are 
characterised by thin high ash coals intercalated with and overlain by 
relatively thick mudstone to fine sandstone dominated sequences 
(Figure 3.4 F). These areas are locally referred to as the "Baynes 
Barren Belt" and the "Stockton High Ash Zone". At the northern end of 
the Baynes Barren Belt the thick Mangatini Seam Member splits into 
three seams of less than half a metre (Figures 3.4 C,D,E, 4.20). Other 
areas in the northern part of the Buller Coalfield where complex splitting 
occurs, include parts of the Rockies area and at the Mount William Mine 
(Figures 4.22 and 4.23). Whilst details of the splitting in the Rockies 
area are largely inferred from drill-hole data, the splits in the Mount 
William Mine area, can be traced along the roadway leading to the mine 
(now abandoned). Northwest of the Mount William Mine the Matipo 
Seam Member progressively splits (Figure 4.23). Over one kilometre, 
the nine metre thick seam passes laterally into a succession containing 
numerous seams often only of a few centimetres thickness. At some 
localities coal is absent. This barren zone is coincident with the Mount 
William Fault.
The thinning and/or shaling out of the Mangatini Seam Member 
toward the "Baynes Barren Belt" and "Stockton High Ash Zone" reflect a 
relatively small original thickness of peat. The coal seam is overlain by 
mudstone and therefore has not been reduced in thickness by
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post-depositional erosion of peat. Even where seams are thin they are 
often overlain by mudstone. This indicates that, in general, erosional 
thinning is only of minor importance in seam thinning.
In the vicinity of the Millerton township, the Brunner Seam Member is 
entirely subsurface (Figures 3.4 E,D,E). Hope (1968) depicted the two 
seams in these drill-holes as separate seams with the lower seam 
onlapping onto basement. No other instances of this type of occurrence 
of a lower coal seam in the Brunner Coal Measures are known to the 
author.
In the northern part of the coalfield isopach trends of the Buller 
Seam (Figure 3.7 and 3.8) parallel the orientation of local fault traces 
(Figure 3.1). The thickest coals occur in a belt that extends 
approximately north to south from the Rockies through the 
Webb/Baynes to the Stockton Mine. Isopachs along this belt have a 
northwest orientation superimposed on the general northerly trend. A 
northerly trending fault system occurs along the margins of the 
escarpment from Mount Augustus to south of the Stockton Mine. The 
Webb/Baynes and surrounding areas are dominated by northwest 
trending faults. Other belts of thick coals in the Millerton area are 
approximately coincident with the northwest trending Mangatini Fault 
and the east trending Millerton Fault (cf. Figures 3.2 and 3.8).
In marked contrast to the areas described, the area southwest from 
the Mount William Mine along the upper Waimangaroa Valley 
isopachs have a distinct northeast trend. Both the Mount William Fault 
and other faults in close proximity also have a northeast trend (Figures 3.2 
and 3.8).
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Isopachs of the clastic interval dominated by sandstone/grit 
between the upper and lower splits of the Mangatini Seam Member also 
exhibit a preferred northwest trend (Figure 3.12). The topography in the 
vicinity of the Webb/Baynes area is essentially a dip slope that 
approximately corresponds with the upper split of the Mangatini Seam 
Member. Isopachs based on minimum thickness are probably for the 
most part very close to the original split thickness.
Between the thick coal-bearing areas of Millerton-Webb-Stockton and 
the Mount William Mines, the Buller Seam Member is generally less than a 
metre thick. Throughout much of the area, erosion has cut down to 
below the Brunner Seam Member. However there are sufficient 
remnants to be reasonably certain that this belt of thin coal extended 
from at least the Ngakawau River and Repo Stream vicinities in the 
north, south-southeast to and then southwest along the upper 
Waimangaroa Valley (see Figures 3.4 A,B,C,D,I,K,L,M). This elongate 
belt is also characterised by and coincident with a thick basal 
grit-dominated sequence (Figure 3.6).
It is impractical, confusing and probably erroneous to rigidly classify 
upper and lower seams as the Mangatini and Matipo Seam Member 
throughout the Buller Coalfield. For instance there is the semantic 
difficulty of what to call the middle split where three splits emanate from 
the same locus (RHS Figure 3.5c). In areas of complex splitting where 
seams are not exposed there is always the possibility two splits are not 
identical to those in an adjacent drill-hole (Figure 3.5). However it is 
convenient to retain the names "Mangatini" and Matipo" for seams of 
much of the northern part of the Buller Coalfield where the relationship to 
the originally defined splits is very clear.
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(b) Central Buller Coalfield
In the central part of the Buller Coalfield most drill-hole data is 
confined to a nine by one kilometre wide belt southwest of the Mount 
William Mine along the Waimangaroa River which, in its uppermost 
reaches, is in close proximity to the Mount William Fault. During 
exploration in 1982/83 a thick development of the Buller Seam Member 
was discovered in this previously unexplored part of the Buller 
Coalfield. Many more holes were drilled during 1984 to further 
delineate the extent of thick coal.
The "Mangatini" and "Matipo" seams of the Fly Creek area merge in 
the uppermost Waimangaroa River vicinity (Figure 3.4 J). The seam can 
be traced via drill-holes with a spacing of 300 to 500 metres in the vicinity 
of the Waimangaroa River. Major splits occur at the confluences of L75 
and Hut Stream with the Waimangaroa River. The Buller Seam Member 
rests close to basement in the upper Waimangaroa River vicinity and 
three kilometres to the northwest at Mount Frederick. Between the 
upper Waimangaroa River and the Kiwi Fault the seam splits and thins. 
This is coincident with a thick basal succession of grit and 
conglomerate in the vicinity of the Kiwi Fault. West of the Kiwi Fault, 
toward the crest of the Papahaua Range, the Brunner Seam horizon 
has largely been removed by erosion (Figures 3.4 K,L,M).
Isopachs of the Buller Seam Member exhibit a distinct northeast to 
southwest orientation (Figure 3.9).
(c) Southern Buller Coalfield
In the Burnetts Face, Coalbrookdale, Escarpment-Whareatea and 
Sullivan Mine areas, the Buller Seam Member is up to ten metres thick
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and rests on basement (Figure 3.4 N,0,P). Southwest of the Sullivan 
Mine, towards the Mount Rochfort-Conglomerate Stream area, the coal 
thins and shales out. The coal is successively overlain by mudstone and 
grit dominated sequences. At Conglomerate Stream the overlying 
mudstone is 60 metres thick. This succession can be regarded as an 
intersplit sequence although no upper seam is developed as in the 
northern part of the Buller Coalfield. Thickening of the unit toward Mount 
Rochfort can be traced from a locus near the Sullivan Mine from which 
the interval between the Buller Seam Member, resting on basement, 
and a distinctive association of alternating sandstone and mudstone 
units, increases (Figure 3.4 O). It is probable that a thick sandstone grit 
sequence northwest of the Sullivan Mine area (DH921, Figure 3.4 P) has 
a similar intersplit relationship to the Buller Seam Member even though 
no seams are present. In this instance the basal seam has probably 
been eroded out. This situation is similar to that between Fly Creek and 
the Webb Opencast Mine where the Matipo Seam Member is of local 
extent and there is a very thick sequence of intersplit grits (cf. Figures 
3.4 A and P).
Isopachs for the Sullivan and Waterloo Dip areas have a 
generally northwest trend (Figure 3.10). Assuming the areal 
distribution of old mine workings largely reflects coal thickness, 
isopachs in the vicinity of the Denniston township (Banbury Mine) are 
also inferred to have a northwest orientation. Thick coal in the old 
Burnetts Face-lronbridge, Coalbrookdale and the existing 
Whareatea-Escarpment Mines appear to be an extension of the thick coal 
belt along the Waimangaroa Valley. Computer drawn isopachs, based on 
records from the old Coalbrookdale and Burnetts Face-lronbridge 
workings (Applied Geology Associates 1986), indicate that locally the 
isopachs have both northeast and northwest components.
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Tabular Alternating Sandstone and Mudstone
In the southern part of the Buller Coalfield, a distinctive association 
of twenty to thirty metres of tabular sandstone and mudstone dominates 
the succession between the Buller Seam Member and the extensively 
bioturbated Millerton Sandstone (see below). Tabular sandstone units 
are two to four metres thick. Interbedded mudstone units range from half 
to two metres thick and sometimes contain thin coal seams (up to 0.5 
metres thick) of limited lateral extent (up to 150 metres). Upward 
coarsening cycles are characteristic. The association differs markedly 
from intersplit and basal elastics which are characterised by thick, 
lensoidal sandstone/grit units and upward fining (details Chapter 
Four). Contact with the Millerton Sandstone is gradational.
The succession is 20 to 30 metres thick throughout most of the 
Waimangaroa Valley (Figure 3.4 J). South of Burnetts Face, in the 
Sullivan Mine and Escarpment Mine vicinities, the top of the 
succession has been eroded but in places is at least 30 metres thick.
Millerton Sandstone (New Formation, Rapahoe Group)
The top of the Brunner Coal Measures (and the base of the marine 
Rapahoe Group) has never been formally defined in the Buller 
Coalfield. Between the thick massive brown mudstone of the Kaiata 
Formation and what are obviously Brunner Coal Measures, is a 
distinctive sandstone/grit sequence of marine origin or affinity. 
Henceforth, it is referred to as the Millerton Sandstone.
There are numerous localities that illustrate typical features of the 
Millerton Sandstone. The northern part of Webb/Baynes and Millerton 
Mine area is arbitrarily selected as the type area (Figures 4.29 and 4.38).
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At this locality the Millerton Sandstone forms an extensive capping of 
the Brunner Coal Measures at least 20 metres thick and beds are 
distinctively tabular in appearance (Plate lb). Throughout a large part of 
the Buller Coalfield it has been completely or partially removed by erosion.
The top of the unit is always intensely bioturbated, often to the 
extent that primary bedding features have been obliterated. Locally 
the Millerton Sandstone is comprised entirely of intensely bioturbated 
sandstone/grit that may rest directly on the Buller Seam Member. 
Elsewhere the basal part of the unit comprises alternations of thin silty 
fine to medium sandstone and coarse sandstone/grit with tabular 
geometry. Bioturbation is sparse. Whilst sandstone units resemble 
tabular sandstone associated with upward coarsening cycles in the 
upper part of the Brunner Coal Measures, dark grey fissile 
carbonaceous mudstone characteristic of the latter are not present. At 
some localities the contact with the Brunner Coal Measures may be 
quite arbitrary over an interval of five to ten metres. A dark brown 
fossiliferous siltstone is locally present in the upper part of the formation; 
it may represent an intercalation of the Kaiata Formation.
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CHAPTER FOUR
BULLER COALFIELD : LITHOFACIES ASSOCIATIONS
AND THE
INTERNAL ARCHITECTURE OF MAJOR CLASTIC UNITS
The first part of this chapter outlines the internal organisation 
of major clastic units whilst the second part outlines how these units are 
organised with respect to each other.
VERTICAL PROFILES AND LATERAL VARIATION
Four lithofacies associations are generally recognisable. They are 
dominated by conglomerate, lensoidal sandstone/grit units with 
erosional bases, tabular sandstone units and sandstone with abundant 
bioturbation.
The conglomerate dominated sequence at Mount Rochfort exhibits a 
pronounced upward change in composition of clasts and there is some 
variety in the internal organisation of conglomerate to sandstone and 
mudstone cycles. Lensoidal sandstone/grit units with erosive bases 
exhibit considerable diversity in their internal organisation and 
relationship to interbedded mudstone beds and the Buller Seam Member. 
In the southern part of the Buller Coalfield the upper Brunner Coal 
Measures exhibit a distinct sequence of tabular sandstone and mudstone 
units with upward coarsening cycles. The overlying Millerton 
Sandstone has some features in common with the tabular sandstone 
association but is characterised by bioturbation.
The diverse range of lithofacies found in alluvial, deltaic and related
environments, and their hydrodynamic origins are summarised in Table
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4.1. As repeated description of specific lithofacies is cumbersome, a 
notation system (Table 4.1) is often used for the sake of brevity and 
clarity. The term "grit" is used to denote granule conglomerate and 
granule-bearing very coarse sandstone. Grit is commonly interbedded 
with and exhibits a similar range of structures as coarse and very coarse 
sandstone.
Conglomerate Dominated Sequencs
The conglomeratic sequence in the Mount Rochfort area comprises 
alternating conglomerate and coarse sandstone/grit and fining upwards 
cycles that culminate in fine sandstone or mudstone (Figure 4.1). 
Upward fining often commences from near the top of conglomerate 
dominated cycles (details below). Both conglomerate and 
sandstone/grit units are probably in the order of hundreds of metres 
wide. Overall upward trends in the Mount Rochfort succession are a 
decrease in clast size and in the proportion and thickness of 
conglomerate. The most accessible sections of reasonable thickness 
occurs in a very steep gully immediately south of Mount Rochfort at the 
head of Conglomerate Stream (Figures 4.1 and 3.4N). Thick 
exposures are present in vertical cliffs that overlook the Cascade Creek 
catchment (Plate Id), on the eastern side of the Papahaua Range but 
these are generally inaccessible.
Conglomerate clasts range from fine to coarse cobble and in rare 
instances up to boulder size at the base of the Brunner succession. All 
are well rounded with the exception of sparse intra-formational 
mudstone clasts which are angular and flattened. The conglomerate 
units exhibit a range of sorting and interstitial matrix 
characteristics. Fine pebble conglomerate tends to be well sorted and 
distinctly stratified whereas cobble conglomerate is moderately sorted
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and tends to appear massive (both Gm, Table 4.1). Conglomerate 
packing varieties include: clast-supported with no matrix (rare), 
clast-supported with sand matrix, and sand-matrix supported to pebbly 
sandstone. The character of grain size changes within beds is varied.
Most commonly the conglomerate units exhibit subtle alternations of 
varying grain size, sorting and sand matrix content. In some 
instances upward decrease in clast size is accompanied by an increase 
in sand matrix content; some coarse pebble conglomerate units grade 
rapidly into fine pebble conglomerate only at the top of the unit; some 
exhibit upward increase in clast size (reverse grading). Contacts between 
conglomerate units of varying characteristics are gradational or, if sharp, 
the contacts are planar or irregular. Imbrication is present but often not 
readily apparent; this is probably a consequence of the generally 
spheroidal to oblate shapes of the predominantly quartz clasts.
Minor shallow scours with cross-stratification conforming with the 
scour (Gt) occur within massive-horizontally stratified units (Plate lib) 
but are relatively uncommon; scours are sometimes lined with 
coarse-silty fine sandstone.
Cross-bedding in conglomerate (Gp) is rare. One spectacular 
example in the headwaters of Conglomerate Stream has an amplitude of 
about 4.0 metres (Plate lla). The cross-bedding is delineated by an 
alternation of pebble clasts of different size and the presence of coarse 
and silty fine sandstone stringers. Successive cross-beds may exhibit a 
slight angular discordance but these are not intrasets (cf. Masari 1983). 
The foreset is possibly several hundred metres wide (erosion along a 
fault between outcrops makes this a little uncertain). The foresets show 
several slight upward coarsening cycles beginning with sandy fine 
pebble conglomerate that grade into coarse pebble conglomerate.
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The cross-beds are overlain by a cobbly massive conglomerate about 
one metre thick (Plate lla).
Interbedded sandstone/grit units may exhibit intervals dominated by 
horizontal and cross-bedding (Sh; Sp, 0.2-0.5 metre height) or 
large-scale scours with variable fill (St, Ss, Plate Ilia). Scour and fill 
structures (Ss) are often delineated by thin interbeds of fine pebble 
conglomerate. Laminated medium-fine sandstone units up to four metres 
thick exhibit horizontal stratification (Sh), minor scours (Ss) and rarely 
small-scale ripples (Sr). Carbonaceous mudstone units are up to four 
metres thick and in rare instances, exhibit thin dirty coals (less than 0.3 
metres; Figure 4.1).
Conglomerate clasts in the basal 30 metres of the sequence at 
Mount Rochfort comprise predominantly lithic (Greenland Group 
quartzarenites and phyllites) and granitic lithologies. Minor hornfels 
clasts are also present. Quartz vein clasts predominate throughout the 
remainder of the sequence.
Throughout the rest of the coalfield, basal conglomerates up to ten 
metres thick and of several hundred metres extent (various sections 
Figure 3.4 and Figures 4.19-4.26) may represent single cycles of 
deposition or an amalgamation of several cycles. Sometimes clast 
composition varies markedly between outcrops in close proximity or in 
vertical succession. For example at one locality in the Mount William 
vicinity (L29/190473) conglomerates comprise mostly pegmatitic clasts; 
one kilometre to the southeast (L29/194457, Column II, Figure 4.32), 
basal conglomerates comprise a range of granitic, lithic and hornfels 
clasts and are overlain by an almost entirely quartzose conglomerate. On 
the Mount William Range (L29/152387) a thin basal conglomerate unit is 
comprised almost entirely of lithic clasts (Greenland Group).
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Sandstone/Grit Dominated Sequences
Sandstone/grit dominated cycles are in the order of three to ten 
metres thick. Mudstone units at the top of cycles are often thin and 
many sequences of sandstone/grit are probably amalgamated cycles in 
which thin mudstone interbeds have been eroded. Some sandstone/grit 
cycles are characterised by upward fining whilst others are not or the 
interval between the coarsest lithology and fine sandstone to mudstone is 
very thin (less than half a metre). Some upward fining units exhibit 
epsilon cross-stratification of several hundred metres extent. In the 
majority of upward fining units there is an upward decrease in scale of 
cross-bedding but epsilon cross-stratification is not observed. Those 
cycles that do not exhibit upward fining are dominated by scour and 
fill structures (Ss, St) or may contain a sub-equal proportion of larger 
scale cross-beds (Sp, 1-3 metres height). These four cycles 
characterise most of the sandstone/grit dominated sequences. There 
are some variants to these cycles. These include relatively coarse units 
in the middle of otherwise upward fining units, and epsilon 
cross-stratification of limited lateral or vertical extent. In most cases, 
coal or mudstone of one cycle is in erosive contact with grit of the 
overlying cycle. In some instances, particularly where carbonaceous 
mudstone overlies coal, the transition is characterised by upward 
coarsening from mudstone to fine sandstone and thence to the erosive 
base of the next cycle.
There is some tendency for these associations to be related to 
stratigraphic position. Those with upward fining tend to occur in the 
middle to upper part of the Brunner sequence.
Very coarse sandstone/grit is dominated by a variety of 
cross-stratified lithofacies. Trough cross-stratification (St of Miall
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1977; mostly pi but some theta cross-stratification of Allen 1963) is the 
dominant lithofacies where cross-bedding height is less than 0.5 metres. 
However it has been observed where cross-bedding heights are up to 
two to three metres (Plates Ilia,b). Planar or tabular cross-stratification 
(Sp) is the dominant type where the height of cross-beds is between 
one and three metres (Plates lie, lllb). The lower bounding surface of 
many sets is irregular but nonetheless essentially planar. It is often 
impossible to be certain of the type of cross-bed particularly of the larger 
scale cross-beds because of exposure conditions. Plan-views are 
exceptionally rare and it is impossible to state whether the plan forms 
of the very large-scale planar cross-beds (Sp) are straight or curved 
(cf. the plan forms seen in wave-cut platforms of the Hawkesbury 
Sandstone and illustrated by Rust and Jones 1986). In many 
instances it is difficult to distinguish between larger scale St and Ss 
facies as three dimensional perspectives are exceptionally rare. Large 
scours (Ss) contain a variety of other lithofacies including smaller scale 
scour-fills (Ss). Stratification in small-scale scour-fills (Ss) is often 
highlighted by differences in grain size and sorting over vertical 
intervals of one to several centimetres. Silt-fine sandstone may comprise 
discontinuous thin beds or line scour bases; eroded clasts of these 
fine-grained lithologies may occur in some scour fills. Epsilon 
cross-stratification (inclined heterolithic stratification or I.H.S. of Thomas et 
al. 1987) is also present. The various types of cross-stratification are 
illustrated in Plates II, III and V.
Profiles with Upward Fining, Epsilon Cross-Stratification
At the southwest end of the Webb Opencast Mine details of a three 
to four metre thick unit with epsilon cross-stratification were recorded in 
1981 (Figure 4.2). Continued quarrying operations up until January 
1984 provided an even better exposure of the same unit and exposed
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another nearby; it is inevitable that both will be destroyed as mining 
operations continue.
In 1981 it was possible to observe that the epsilon cross-beds were 
laterally persistent for at least 300 metres. The inclined sedimentation 
units are up to 0.3 metres thick and separated by carbonaceous, 
micaceous laminae that thicken upwards. From the base, the upward 
sequence comprises massive to poorly laminated grit, trough 
cross-stratified sandstone (St, trough axes at high angles to the 
large-scale inclined cross-beds) and laminated-massive fine sandstone. 
The massive fine sandstone unit is very micaceous, contains rootlets 
and is overlain by a thin coal seam (Figure 4.2, Plate Ilf).
Whilst very distinctive, epsilon cross-stratification incorporating a 
complete sandstone to mudstone cycle was only observed at the Webb 
Opencast Mine and one other locality.
Profiles with Upward Fining, Decrease in Scale of Cross-Beds
Many sequences exhibit fining upwards and a decrease in scale of 
cross-stratification (Figure 4.3). Basal units comprise cross-bedded 
lithofacies (Sp) with heights ranging from half to two metres and up to 
three to four metres in exceptional cases. Overlying lithofacies exhibit 
a regular decrease in scale of cross-beds down to about 0.1 metre; the 
smaller scale units tend to be trough cross-beds (Plate lid). Transition 
to mudstone is via fine-coarse sandstone lithofacies Sh and Sr; these 
may exhibit rootlets and a variable proportion of silty to fine sandy 
intercalations.
Variations to this generally upward fining sequence include the 
occurrence of medium-scale cross-beds at the base of cycles that are
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overlain by large-scale cross-beds and coarsest grained lithologies in the 
middle and upper part of the sequence (Figure 3.34, Columns 1 and II).
Profiles Dominated by Lithofaces Ss and St
The base of the Brunner succession in the Mount William Mine 
vicinity and elsewhere is characterised by a sandstone/grit 
association that does not exhibit pronounced decrease in grain size nor 
decrease in scale of structures (Figure 4.4). The transition to massive 
rootlet-bearing sandstone and mudstone (and coal) is abrupt. The 
dominant lithofacies are Ss (Plate llg,h), St and minor lithofacies 
include Sh, SI and Sp. Large scours with a composite fill are common 
(Figure 4.5). Thin conglomerate may occur at the base of lowermost 
cycles. Cycle thickness ranges from about two to ten metres (Figures 
4.23, 4.32). Thicker units may represent amalgamations of several 
cycles. It is generally impossible to distinguish between major 
erosional surfaces that separate cycles and those that represent local 
amalgamated scour surfaces. The only indication of the uppermost unit 
of one cycle and the base of the next is the presence of a thin 
root-bearing sandstone, mudstone or coal. However the preservation 
potential of thin units, in a setting in which erosive scouring is 
pervasive, is low.
Profiles Characterised by Large-Scale Cross-Beds
Many grit dominated sequences are characterised by large-scale 
cross-beds (Sp, 2.3 metres height, laterally extensive) interbedded with 
a variable association of Ss, St and Sh facies. Medium to coarse 
sandstone interbeds, up to several metres thick, comprise Sh and minor 
Sr, Ss and St (Figures 4.6, 4.36 and Plate lllb). Large-scale 
cross-beds overlie an irregular erosional surface. The cross-beds are
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laterally persistent for at least many tens, and probably hundreds of 
metres.
Some bedding features are indicative of lateral accretion over intervals 
of several to tens of metres. Successive inclined beds generally exhibit 
differences in grain size and sedimentary structures (Plate V;
Figures 4.18C, 4.39). Unlike epsilon cross-stratification described 
above, these inclined beds do not exhibit upward fining along beds, 
and cross-bedding is not laterally extensive. The bedding style is 
distinctive but only comprises a very small proportion of this association.
Some sequences are devoid of mudstone over intervals of 30 to 50 
metres. Distinguishing between major and minor erosional surfaces, 
and thickness of cycles is also difficult in this association.
Lateral Margins of Sandstone/Grit Units
Sandstone/grit dominated units pass laterally into other 
sandstone/grit units, coal or generally thin fine sandstone/mudstone. 
Contact with other sandstone/grit units is generally characterised by 
steep-sided erosional surfaces and large-scale cross-beds may be 
present to the extreme margins of the unit. The geometrical 
relationships of individual sandstone units and adjacent sandstone, 
mudstone and coal units are diagrammatised in Figure 4.7. The 
relationship of amalgamated sandstone successions to other units is 
outlined in the second part of this chapter.
Lateral transition to mudstone or fine sandstone is 
characterised by rapid lensing or the development of relatively thin 
extensions of the upper part of the sandstone grit into mudstone/fine
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sandstone. In some instances these extensions ("wings" of some 
authors, e.g. Stear 1983; Choi 1986), have an erosional base 
throughout their length (Figure 4.30-I). Internal stratification was not 
observed but this might only reflect coarseness. In other instances 
coarse sandstone/grit units with erosional bases pass laterally into 
coarse to fine sandstones units (Sp and Sr) without an erosional base 
(Figure 4.39II, 4.30IV). In some instances these sandstone units pass 
laterally into muddy and fine sandy units via small-scale Gilbert-deltas.
Two occurrences of small-scale Gilbert-delta deposits were 
exposed during quarrying operations at the Webb Opencast at the end 
of 1983. Both are associated with thin mudstone units about ten metres 
above the Mangatini Seam but are 400 metres apart. One 
Gilbert-delta deposit comprises coarse sandstone cross-beds about 1.5 
metres high that grade laterally down the foresets into nearby 
horizontal beds comprising interlaminated fine sandstone and mudstone 
(Plate VI). Silt laminae increase in thickness down the foresets. The 
interlaminated fine sandstone and mudstone contain rootlets and small 
burrows. At the other locality a succession of sandstone foresets 
ranging in height from about a fifth to two metres merge laterally with 
silty to fine sandy mudstone beds with poorly developed lamination 
(Plates VI and VII). The direction of foresets is at high angles to the 
general isopach orientation of the sandstone interval between the 
Mangatini Seam Member and the Millerton Sandstone. Cross-bedding in 
the smaller scale structures (less than 0.7 in amplitude; Plate Vlb) is of 
primary sedimentary origin but the height of the larger scale inclined beds 
(Plate Via) might also be due to syn-depositional peat compaction creating 
a deeper standing body of water into which small-scale sub-deltas 
migrated (Figure 4.8). Syn-depositional compaction of peat is a 
mechanism postulated for much larger scale inclined bedding features 
elsewhere in the Webb Opencast Mine (described below). Criteria to
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distinguish between cross-beds of primary sedimentary origin and inclined 
bedding due to peat compaction are outlined in Chapter Five.
The margins of thick sandstone splits in thick coal invariably exhibit 
a lower erosional surface that is gently concave upward whereas the 
upper surface and internal stratification are convex upward (Figure 
4.7). The thickness of sandstone/grit units may be greater than the 
seams they split. Both unit shape and thickness characteristics are 
largely controlled by post-depositional compaction of peat (outlined 
below). Sandstone/grit units that split coal seams do not have wing-like 
extensions at the top of the unit (cf. sandstone intercalations in 
mudstone, above). They attain near-maximum thickness within ten to 
twenty metres of their margins. In areas characterised by multiple 
splitting of thick seams to form numerous thin seams, thin (less than 
one metre) coarse sandstone/grit units that fine upwards are often 
characteristic. The coarse sandstone part of the cycles are often 
massive. The massiveness is probably a primary depositional feature. 
The medium to fine sandstone parts of the cycle are also massive but 
this can be attributed to plant bioturbation as rootlets are often 
present in abundance. This association appears to be present in 
elongate belts up to several hundred metres wide, e.g. the Baynes 
Barren Belt (Figures 4.29-IV, 4.30-11,111) and north of the Mount William 
Mine (Figure 4.32-VII, VIII).
Fine-Grained Lithologies and their Vertical and Lateral Relationships 
to Coal
In general, mudstone and shale dominated sequences are up to 
several metres thick and exhibit thinning or lensing-out associated with 
the erosional base of an overlying sandstone/grit cycle. At some 
localities they are ten to twenty metres thick (e.g. Baynes Barren Belt, 
Figure 4.20; Upper Waimangaroa River, Figure 4.24) and in one
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exceptional instance they comprise about 60 metres of section 
(Conglomerate Stream, Figure 4.26).
Fine-grained units vary considerably in clay, silt, fine sand and 
phytoclast content and range from massive to laminated (Fm, FI, Table 
4.1). Interbedded fine sandstone units exhibit horizontal lamination and 
small-scale ripples (Sh and Sr, Table 4.1). Rootlets are often present 
whilst burrows are extremely rare.
The upward transition from generally cross-stratified sandstone to 
mudstone and/or shale is characterised by sandstone units with 
variable features. In some instances they are massive, micaceous, 
carbonaceous and rootlet bearing. In other instances they exhibit silty 
or carbonaceous laminations with a wavy appearance, rootlets and 
contain rare burrows. At some localities, particularly where the Buller 
Seam Member is very thin or absent, rootlets are abundant and 
mudstones bleached in appearance; these horizons are interpreted as 
palaeosols. The upward transition from mudstone to coal is 
gradational via an increase in vitrain stems and some rootlets. In some 
instances sandstone units intermediate between coarse 
sandstone/grit units and dark carbonaceous mudstone lens out so that 
locally shale (FI) rests directly on cross-bedded coarse sandstone (Figure 
4.9). In this example the sandstone lense contains laminae that dip in 
the direction of lensing.
Coal seams are generally overlain by dark carbonaceous, mudstone 
and/or shale (Figure 4.10). In some instances the mudstone units are 
directly overlain by sandstone; where mudstones were originally thin, 
sandstone may be locally incised into the underlying coal. In other 
instances the interval between coal and coarse sandstone/grit units is 
characterised by a general upward coarsening with an increasing
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proportion of fine and coarse sandstone units and a decrease in 
mudstone and shale over five to ten metres (Figure 4.10). The 
transition from mudstone to overlying fine sandstone (Sh/Sr and often 
rootlet bearing) is sharp or gradational. Fine sandstone units may 
contain lenses of coarse sandstone with an erosional base (and 
mudstone clasts, 4.10). Coarse sandstone lenses may fine laterally and 
are probably distal parts of channel sandstone wings (described above; 
see also Figure 4.7 and 4.9).
In places thinning of the Buller Seam is accompanied by 
shaling-out. In the zones of shale-out, mudstone and shale is relatively 
thick but not as thick as the coals they grade into (Figure 4.11). Clean 
coal, dirty coal, mudstone/shale and minor sandstone interbeds are 
intercalated along linear belts (e.g. Stockton High Ash Zone, Figure 
4.27).
Thin alternations of carbonaceous mudstone and coal may occur 
locally at the base of the seam. They probably represent minor 
intercalations of peat and mud facies. However this intercalcation is not 
associated with rapid lateral changes in thickness, characteristic of the 
Buller Seam Member. (If thickening of peats was related to intercalation 
with mudstone, then allowing for post-depositional compaction, 
mudstone units would be considerably thicker than adjacent coal, Figure 
5.1411 and III).
Fossils are rare. The dark mudstone overlying the Buller Seam 
Member at the Escarpment Mine, and in the Conglomerate Stream 
vicinity, contains mussels (Plate Villa). They have affinities with the 
freshwater genera Hyradella and Unio, described by McMichael (1957). 
Fossils of uncertain affinity were also found in mudstone in the thick 
mudstone sequence at Conglomerate Stream. The fossils comprise
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oblate ellipsoids two to four centimetres in diameter with radial striations 
and an involute spiral structure (Plate Vlllb); in rare instances the final 
whorl is straightened. Similar fossils have been recorded from the 
Greymouth region and analogy to the modern indigenous gastropod 
Paryphanta, has been made (Gage 1952). Some consider the fossils to 
be trace or pseudo-fossils (Guilielm ites, J.l. Raine, unpublished report, 
1983).
Compaction Related Bedding Features
The Brunner Coal Measures exhibit two types of cross-bedding 
features that are related to either post- or syn-depositional 
compaction and are not of primary sedimentary origin. Some 
spectacular examples were recorded in the quarry faces of the Webb 
Opencast Mine in 1980-81.
Convex-upward bedding occurs at the margins of sandstone units 
that bear an erosive relationship with mudstone or coal (Figure 4.18A and 
Plate IVa, 250 metres). In this example, the locally high dips at the 
margins of the sandstone unit reflect post-depositional compaction in the 
adjacent units dominated by mudstone. Similar examples were observed 
throughout the coalfield. Where sandstone units cut laterally into 
coal the inclined stratification may locally exceed 30 degrees.
An inclined unidirectional off-lapping succession of sandstone units 
may impart large-scale cross-bedding. In the sandstone/grit above the 
Mangatini Seam Member at the Webb Opencast Mine, an inclined 
succession is laterally persistent for at least 200 metres (Figure 4.18B, 
400 metres, and Plate IVb). One of the inclined units comprises an 
upwards fining cycle. The lower surfaces of the sandstone/grit units 
are generally erosional. Detection of these bedding features requires
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near perfect exposure and it is possible these features are quite common 
in sequences immediately overlying thick coal. These bedding features 
are probably due to syn-depositional compaction of peat. Criteria for 
recognising post- and syn-depositional features and cross-bedding of 
primary origin are discussed in Chapter Five.
Palaeocurrent Data
Eight hundred and eighty cross-bedding directions from the 
sandstone/grit lithofacies association were recorded from seventy four 
localities throughout the Buller Coalfield (Figures 4.12 and 4.13). Most 
of the data however comes from the area between the Webb Opencast 
and Mount William Mines and Trig AH (Figure 4.12). This area is 
relatively accessible and happens to have numerous well exposed 
cross-beds whereas in many other areas weathering often obscures 
bedding attributes and measurable cross-beds are sparse. (In 
retrospect directions from these areas, some of which would only 
yield one to several cross-beds per locality, should have been 
recorded, despite the low return on numbers of cross-beds measured for 
the time spent and the effort to reach and cover large areas of more 
difficult terrain.) Most of the cross-bed measurements are from near the 
top of the Brunner Coal Measures. Cross-beds mostly ranging in scale 
from 0.1 to 2.3 metres were measured.
Two hundred and eight scour axes were measured in the Mount 
William vicinity (Figure 4.12). This is the only known area where basal 
sandstone/grit sequences are exposed areally and numerous scour axes 
can be observed and measured in plan view.
Correction for tectonic tilt, calculation of arithmetic and vector 
means, vector magnitude and vector magnitude percent, variance and
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standard deviation, Rayleigh probability of randomness and its 
equivalent significance level were performed using a computer 
programme (Jones 1970, see Appendix I). The non-randomness of 
group vector means, the generally very high magnitude percent and 
generally relatively small standard deviation (Appendix I) collectively 
indicate the strongly preferred orientation of cross-beds at most 
localities. A consequence of this strongly preferred orientation is that 
group vector and arithmetic means generally coincide to within a few 
degrees. Large-scale cross-beds have a very similar orientation to 
smaller scale cross-beds (in the same unit).
Group vector means are illustrated in Figure 4.14. The 
west-southwest direction of the grand group vector mean (and grand 
vector mean) is approximately coincident with the northeast-southwest 
ispach trends and eastward younging of the Brunner Coal Measures.
Group vector means may exhibit considerable divergence (up to 
180 degrees) at adjacent localities. This occurs both vertically in 
successive units (Figure 4.36, Plover Stream Sections) and laterally 
(vicinities of 173475,177470, Figures 4.12 and 153417 Figure 4.13).
In general, the coalesced nature of sandstone/grit units means it is 
extremely difficult to delineate the shape and orientation of individual 
units, let alone relate palaeocurrent characteristics to these features.
The geometry of major splits enclosed by coal or mudstone but 
comprising numerous units is more readily definable. The clastic split 
between the Mangatini Seam Member and Millerton Sandstone in 
the Webb/Baynes area comprises numerous coalesced sandstone 
grit units and has an approximately east-west orientation (Chapter 3). 
Fifteen group vector means from this area have a westward orientation 
that is approximately coincident with the elongation direction of the
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unit. However the group vectors are bimodal to the northwest and 
southwest (and hence the vector magnitude percent of the group vector 
mean is low, Figure 4.14). Numerous unmeasured observations in 
the high-walls of the Webb Opencast Mine indicate south to east 
distribution of foreset azimuths (almost 180o opposed to the average 
group vector mean, Figure 4.12). Both this and the bimodality 
indicate the need for more measurements over a greater areal extent.
North of the Mount William Mine, near the base of the Brunner Coal 
Measures, vector means of scour axes have a north-south to 
northwest-southeast orientation (Figure 4.12). The consistency in 
orientation of the group vectors can be seen visually and is indicated by 
the very high vector magnitude percent of the group vector means 
(Figure 4.14).
Tabular Sandstone and Mudstone Sequences
In the southern part of the Buller Coalfield, the upper Brunner Coal 
Measures are characterised by a succession of mudstone to 
sandstone upward coarsening cycles in the order of three to five 
metres thickness (Figures 4.15,4.34-IV,V,VII,VII). One such cycle is also 
present in the Webb/Baynes area (Figure 4.34-IV). In general, the basal 
part of the cycle comprises mudstone that grades upward into fine 
sandstone (Sh and Sr) and thence to cross-bedded coarse to very 
coarse sandstone (Sp sometimes St, height 0.1 to 0.25 metres). In 
some instances these cross-beds are separated by distinctly laminated 
fine sandstone (Sh/Sr) or silty drapes of up to several centimetres 
thickness (Figures 4.15 and 4.35-II). Generally, the bases of 
cross-bedded coarse sandstone units are planar with slight undulation 
indicative of minor erosion. The coarse sandstone beds are of 
consistent thickness over hundreds of metres. In some instances the
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tops of cycles comprise carbonaceous mudstone with abundant vitrain. 
Carbonaceous mudstone is generally overlain by thin rootlet-bearing 
mudstone and in some instances, thin coal. Five seams of less than 30 
centimetres thickness were observed in a cliff-section in the 
Waimangaroa Gorge (vicinity of L29/114388, Figure 4.24).
At some locations upward fining cycles are inter-bedded within the 
local succession dominated by upward coarsening cycles (Figure 
4.34-IV). The basal sandstone units have sharp, erosional but 
essentially planar basal contacts and comprise planar corss-beds (Sp
0.2-0.7 metres).
The succession dominated by upward coarsening cycles passes 
laterally into a succession containing or dominated by lensoidal 
sandstone units with erosive bases and often thin upward coarsening 
cycles in which mudstone is thin or absent and rootlets may be present 
(Figures 4.34V, 4.40,5.7).
Bioturbated Sandstone/Grit (Millerton Sandstone)
The Millerton Sandstone is characterised by bioturbation and an 
alternation of fine sandstone and coarse-very coarse sandstone and 
grit. Bioturbation is often sparse at the base of the formation but at the 
top it is pervasive and original bedding structures have been obliterated.
Apart from some bioturbation and the absence of dark 
carbonaceous mudstone, some upward coarsening cycles in the lower 
part of the Millerton Sandstone resemble those in the top of the Brunner 
Coal Measures from the southern part of the Buller Coalfield (cf.
Figures 4.15 and 4.16b).
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A large part of the Millerton Sandstone comprises both upward 
coarsening and upward fining cycles ranging from 0.7 to two metres; 
the contacts between fine and coarse sandstone are both sharp and 
gradational (Figures 4.16, 4.29-II, 4.33-I, 4.38 and 4.41). Intensity of 
bioturbation often increases from the base to the upper part of cycles. 
Some intensely bioturbate units are silty and contain abundant mica 
and carbonaceous hash. Silty, micaceous fine sandstone and coarse 
sandstone may respectively exhibit remnants of horizontal lamination, 
and cross-bedding (Sp, St). In basal parts of the Millerton 
Sandstone, cross-bedded units are interbedded with extensively 
bioturbated units.
Trace fossils in coarse sandstone and grit include a range of 
horizontal to vertical tubular burrow types including Ophiomorpha. 
Bedding planes of fine-coarse sandstone may exhibit winding trails 
(Plate Vlllh). In general the intensity and diversity of burrows ranging 
from horizontal to vertical most closely resembles the ’Cruziana’ 
ichnofacies of Frey and Pemberton (1984). Some beds are comprised 
almost exclusively of densely packed vertical burrow types; unlike many 
occurrences of the ’Skolithos’ ichnofacies, original lamination is not 
present.
In the Burnetts Face vicinity (Figure 4.34) a thin coal seam (two 
centimetres) is interbedded in a dark bioturbated silty mudstone at the
base of an upward coarsening cycle. Rootlets, in association with intense 
animal bioturbation have also been observed near the base of the 
Millerton Sandstone (Figure 4.38).
In the Millerton area, the Millerton Sandstone contains a dark brown 
siltstone that closely resembles siltstone of the Kaiata Formation. It
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contains casts of marine bivalves, and gastropods and nautiloids, (Plate 
Vlllc.d).
THE GEOMETRY, AND STYLE OF STACKING OF CLASTIC UNITS 
ENCLOSED BY SPLITS OF THE BULLER SEAM MEMBER
This section aims to outline the variety in geometry and stacking 
of clastic units and their relationship to the Buller Seam Member. 
Towards this end, several examples that incorporate both field 
exposures and drill-hole data have been selected. The relationships 
between these areas of specific example and the geology of intervening 
areas have been described in Chapter 3.
Details of the quarry faces in the Webb Opencast Mine, 
drill-hole data in the Webb/Baynes area, and exposures in creeks in 
parts of the "Baynes Barren Belt", have been integrated to provide a 
comprehensive three dimensional facies reconstruction in the Buller 
Coalfield. Road-cuts and stripping operations at the Webb Opencast 
have exposed faces up to 30 metres high and several hundred metres 
wide. The quarry faces have been, and will be, destroyed by 
subsequent mining. However it is expected that similar features and the 
same units will continue to be exposed for at least the next five years.
The vertical faces are dangerously inaccessible (Plate IV) but examination 
with binoculars enabled many observations without risk.
Features of the Webb/Baynes area and Baynes Barren Belt extend 
into the Rockies-Millerton area. The multiple splitting that 
characterises the northeast extremity of the Webb/Baynes and Baynes 
Barren Belt is characteristic of the Rockies area. Lateral exposures of 
multiple and complex splitting are not well developed in these areas. 
However exposures on the access road to the Mount William Mine
93
provide an excellent two dimensional perspective of this style of 
splitting.
The section between the junction of Hut Stream and the 
Waimangaroa River, and Burnetts Face, exhibits multiple splitting of the 
Buller Seam Member. It differs from the Webb/Baynes area in its 
stacking of sandstone/grit, atypically thick mudstone units and 
occurrence of tabular sandstone and mudstone units with upward 
coarsening cycles. The section comprises the best laterally 
continuous and accessible natural exposure in the Buller Coalfield but 
access to and along the one kilometre of eighty metre high cliffs is very 
hazardous.
The section between the Sullivan Mine and Mount Rochfort 
provides an example of sandstone/grit units isolated in thick mudstone 
(cf. the amalgamated grit of both the Webb/Baynes and adjacent areas). 
Some indication of the influence of subdued basement palaeo-topography 
is provided by a road-cut in the vicinity of the Sullivan Mine.
The Webb Opencast Mine and Webb/Baynes Block
The general succession at the Webb Opencast Mine comprises a 
thick sandstone/grit (about 50 metres), the lower split of the Mangatini 
Seam Member (4-13 metres), mudstone (0-4 metres) and sandstone/grit 
(minimum of 15 metres). Sandstone units immediately overlying the 
mudstone are characterised by upward fining; several units exhibit 
epsilon cross-stratification (outlined above). At the top of the succession 
sandstone units are characterised by large-scale cross-bedding 
structures and do not show pronounced upward fining (Figure 4.18A).
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The Mangatini Seam Member is the lower split of the Buller Seam 
Member (the general northeast to southwest splitting of the Buller 
Seam from the Webb/Baynes to the Stockton area has been described in 
Chapter Three and illustrated in Figures 3.4A,E). The mudstone 
overlying the Mangatini Seam Member (Figure 4.10) also exhibits a 
progressive northeast to southwest splitting geometry that 
encapsulates thick amalgamated sandstone/grit units. Proceeding 
generally westward from the entry to the Webb Opencast Mine (1981, see 
Figure 4.17), and around the high walls, the mudstone splits into two 
beds (Figures 4.18B and 4.19). Over about 100 metres, the upper and 
lower mudstone splits are separated by 15 metres of amalgamated 
sandstone/grit units. Throughout the interval enclosed by the upper split 
many units have an irregular shape and internal bedding features that 
can be attributed to post-depositional compaction of an adjacent or 
underlying mudstone unit or syn-depositional compaction in the 
underlying coal. The succession of off-lapping inclined 
sandstone/grit units (documented in a previous section; Plate IVb) 
occurs near the locus of splitting. In the Webb Opencast Mine there is 
no evidence for the effects of syn-depositional compaction in units more 
than 15 to 20 metres above the Mangatini Seam Member. Both the 
upper and lower mudstone units split again. Splitting of the lower 
mudstone is accompanied by a 30 metre separation over about 300 
metres (Figure 4.19). In several instances the lateral margins of 
sandstone units are also associated with small-scale Gilbert-deltas 
(outlined above).
In the central Webb/Baynes area (Figure 4.20) the thickness of the 
interval between the Millerton Sandstone and the top of the Mangatini 
Seam is relatively consistent (cf. Figures 4.19 and 4.21). The mudstone 
and fine sandstone dominated unit thickens from southwest to northeast 
as the overlying and intercalated sandstone/grit succession thins
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and increases in areal extent. Fine-grained lithologies may locally 
dominate the succession overlying the Mangatini Seam Member (e.g. 
DH665, Figure 4.20). The upward, northeastern "migration" of the 
sandstone/grit succession is associated with the generally upward 
coarsening of the mudstone and fine sandstone sequence (see 
Figure 4.10). Interbedded coarse sandstone units, in the upper part of 
the mudstone sequences (Figure 4.30-I), are "wings" attached to thick 
sandstone/grit units. Many have erosional bases (Figure 4.30-I) 
whereas some units in the uppermost part of the succession exhibit 
small-scale upward coarsening cycles (Figures 4.28-III, IV, 4.29-III); 
the latter resemble the repeated upward coarsening cycles in the 
Waimangaroa Gorge-Burnetts Face area (below).
In the central and northern part of the "Baynes Barren Belt", the 
Mangatini Seam Member contains a split of complex geometry and 
internal organisation that is about half to three-quarters of a kilometre 
wide (Figures 4.20 and 4.21). The split comprises repeated cycles of 
sandstone/grit and coal-bearing sandstone that are in places capped by 
thin dirty coals (Figures 4.20, 4.29 and 4.30). These cycles crop out 
locally in heavily vegetated gullies and cannot be traced laterally. Similar 
successions have been recorded in the Mount William Mine area 
(outlined below) and suggest that the thickest of these thin seams may 
join laterally with the Mangatini Seam Member.
Northeast and southwest of the Webb Opencast Mine, the Mangatini 
Seam Member thins and shales out. The margins of clean and dirty 
coal, and dirty coal and mudstone appear to be intercalatory 
(vicinities of drill-holes 732, 1146, Figure 4.19). Northeast of drill-hole 
1146, (Figure 4.19), data is very sparse; it is possible that a splitting 
geometry similar to that in the northern end of the Webb/Baynes area 
(Figures 4.20 and 4.21) occurs.
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Millerton-Rockies
The Millerton-Rockies area also exhibits splitting of the Mangatini 
Seam Member and the boundary of the clastic split has a northwest 
to southeast orientation (Figure 4.21). The upper thin seam can be 
traced throughout much of the area but the thick lower seam is rarely 
exposed. The lower seam contains several clastic splits and the 
overall geometry throughout the Rockies area is complex (Figure 4.22). 
With such complexity there may be equally viable alternatives to the 
correlation of splits illustrated in Figures 4.21 and 4.22. Intersplit 
elastics comprise alternating mudstone and sandstone (Figure 4.31) 
whose sedimentary characteristics are similar to those of the "Baynes 
Barren Belt" in the central to northern parts of the Webb/Baynes area 
(Figures 4.29 and 4.30).
Mount William Mine
At the entrance to the Mount William Mine (now abandoned) the 
Matipo Seam Member is seven to nine metres thick. More or less 
continuous exposure in gullies and the access road to the mine, 
indicate it splits northward into an upper and lower seam; these also split 
into upper and lower splits to the north and the section contains 
numerous seams often only of centimetre thickness (see front panel of 
Figure 4.23). A similar splitting geometry can be traced in outcrop to the 
southeast and is recorded in drill-holes 1011,1035, 1010 (Figure 4.23). 
Intersplit elastics in the zone of numerous thin coal seams comprise 
repeated thin cycles of sandstone/grit to rootlet-bearing mudstones 
(Figures 4.32) and are similar to those in the "Baynes Barren Belt"
(Figures 4.29 and 4.30).
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Waimangaroa Gorge-Burnetts Face
The Waimangaroa-Burnetts Face area features splitting of the Buller 
Seam Member with a separation of 40 metres over one and a half 
kilometres (Figure 4.24). Northward from Burnetts Face, the basal split 
divides again. In the Waimangaroa Gorge sandstone/grit units are often 
separated by thick mudstone units (up to 17 metres, Figure 4.24). The 
lateral termination of sandstone/grit units is abrupt (cf. Webb/Baynes 
area). The lowermost split of the Buller Seam Member overlies a thin 
local and basal conglomerate/grit sequence. The upper split of the Buller 
Seam Member is capped by a 20 to 30 metre sequence of repeated, thin 
upward coarsening mudstone to sandstone cycles, the Millerton 
Sandstone and Kaiata Formation (Figure 4.34).
Sullivan Mine (Rapid Creek Entrance)
On a recently constructed roadway to the Rapid Creek entrance of the 
Sullivan Mine, the thickness of the Buller Seam Member decreases from 
about one and a half metres toward a local basement high (Figures 4.25 
and 4.35). In addition, the seam resting on or near basement becomes 
increasingly muddy in the direction of thinning. The sandstone/grit 
overlying the Buller Seam Member decreases toward the basement high. 
It is relatively fine-grained at its margin (Figure 4.35).
Similar successions on or near basement occur up to one 
kilometre to the southeast and southwest (Sullivan Mine area; 
drill-holes 525-527, 530-547, 895, 983-986,1070-1074,1117,1120, 
1121, 1123-1127, 1129, 1131); however reconstruction of other 
basement relief features in this area is limited by the absence of a 
traceable reference horizon (cf. thin upper split of the Mangatini Seam
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Member and the bioturbate Millerton Sandstone in the Webb/Baynes and 
Rockies areas).
Sullivan Mine-Conglomerate Stream (Mount Rochfort)
South of the Sullivan Mine the separation between the 
alternating sandstone and mudstone units of the upper Brunner Coal 
Measures and the Buller Seam Member increases. Both the mudstone 
units and an overlying amalgamated sandstone/grit unit thicken 
southwards (Figure 4.26). Correlation southward from the vicinity of 
Conglomerate Stream is limited by the large distance between data 
points, the absence of an upper extensive reference horizon and the 
uncertainty in tracing the Buller Seam Member south of Conglomerate 
Stream to Mount Rochfort. Numerous stacking and correlation scenarios 
could be proposed. Regardless of the correctness of any, it is 
evident that in the Conglomerate Stream vicinity sandstone/grit bodies are 
essentially encapsulated in mudstone (as in parts of the 
Waimangaroa-Burnetts Face succession).
Summary
The main architectural elements include locally thick 
conglomerates (Mount Rochfort), thin conglomerates (e.g. Waimangaroa 
Gorge), simple splitting of the Buller Seam Member (e.g. 
Millerton-Webb/Baynes, and other areas outlined in Chapter Three) and 
local multiple splitting of the Buller Seam Member (e.g. Rockies, Mount 
William). Many of these features are summarised in Figure 5.15. 
Interseam-split elastics comprising amalgamated sandstone units 
interfinger with mudstones toward loci of major simple splits (Figure 
5.14). Thick lensoidal sandstone units are rarely encapsulated in 
mudstone units. Rapid thickness changes in coal seams are not
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associated with lateral intelingering with mudstones (Figure 5.14i,ii); 
however shaling-out does occur at the extreme margins of seams 
(Figures 5.14i and 4.11). In general, the sites of thickest coal occur where 
the total Brunner sequence is of intermediate thickness or where the 
Buller Seam Member is on or near basement. If the Buller Seam 




BULLER COALFIELD : DEPOSITIONAL ENVIRONMENTS,
MAJOR FACIES
RELATIONSHIPS AND CONTROLS ON THEIR 
DISTRIBUTION AND THICKNESS
This chapter aims to interpret the wide range of lithofacies 
associations and the architectural arrangement of the major facies 
outlined in Chapter Four. Sedimentary features reflect a variety of fluvial 
channel and overbank processes and the discharge of major crevasse 
channels into local coastal lakes and rivers into the sea. Thickness and 
stacking characteristics of the major facies, including coal, were largely 
determined by syn-depositional faulting.
ALLUVIAL PLAIN ENVIRONMENTS
Alluvial plains exhibit sub-environments characterised by distinct 
processes. These are fluvial channels (reviewed Chapter Two) and 
overbank environments. The preservation and distribution of 
fine-grained overbank lithologies and peat largely reflects the 
migration behaviour of channel systems, which may in large part be 
dependent on local rates of subsidence.
Fluvial Channels
Lithofacies associations and palaeocurrent data suggest both 
meandering and braided streams characterised Brunner sedimentation in 
the Buller Coalfield. Meandering stream successions exhibit upward 
fining and decrease in scale of structures. Some meandering stream 
sequences exhibit epsilon cross-stratification whereas it was not
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observed in others. Sandy braided stream successions are 
characterised by complex internal organisation and a lack of 
consistent upward fining or decrease in scale of structures. Some 
sequences exhibit similarities to both meandering and braided 
sequences. They are interpreted as braided. Large-scale cross-beds 
suggests the bulk of flow occurred within one or several relatively deep 
channels within a multi-channel system; this geomorphic 
development is viewed as intermediate to a meander point-bar system. 
An inevitable consequence of concentration of flow into fewer channels is 
the development of higher sinuosity of channels with the main flow. The 
geomorphic elements of braided, meandering and a hypothetical 
braided-meandering transition zone are illustrated in Figure 5.5.
Within relatively thin stratigraphic intervals different sedimentation 
styles may be present. For example in the clastic interval between the 
Matipo and Mangatini Seam Members (Webb Opencast to Mount William 
Mines, Figures 4.33, 4.36), sequences interpreted as meandering and 
braided (with deep, relatively sinuous channels), are present.
Meandering Stream Point Bars (Epsilon Cross-Stratification Present)
The epsilon cross-stratification that occurs in the Webb Opencast 
Mine (Figure 4.2) is interpreted as a point bar deposit of a high sinuosity 
meandering stream. Numerous and similar examples have been 
described from ancient sequences (e.g. Beutner et al. 1967; Cotter 
1971; Elliot 1976; Cherven 1978; Puigdefabregas and van Vliet 1978; 
Nami 1976; Legun and Rust 1982; Stewart 1981). The inferred 
geomorphic elements in the Webb Opencast include dunes that increase 
in scale down the point bar surface, small-scale ripples, and relatively 
thick micaceous laminae and plane beds (inclined Sh) at the top of the 
sequence (Figure 5.1). Collectively and in combination with upward
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fining, these features represent increasing flow power toward the 
channel-margin of the point bar. The thin massive very coarse 
sandstone/grit at the base of the succession is analagous to the pebbly 
lag that occurs in the thalweg of many meandering streams. Unlike 
many point-bar deposits mudstone clasts derived from undercutting of 
banks are not present (cf. Edwards et al. 1983; Smith 1987). The silty 
micaceous laminae that define the succession of inclined accretionary 
packets, probably represent slight fluctuations in the hydrological 
regime.
Recognition of epsilon cross-stratification is dependent on both a 
favourably oriented section and the presence of muddy laminae. In the 
section at high angles to the epsilon cross-beds, bedding appears 
horizontal. Other units in the Webb Opencast and elsewhere, with 
upward fining cycles and of two to three metres thickness, probably 
represent high sinuosity streams of comparable size.
Meandering Stream Point Bars (Epsilon Cross-Stratification not 
observed)
In addition to sequences with epsilon cross-stratification, profiles 
with both upward fining and decreasing scale of cross-beds (Figure 4.3) 
are also interpreted to be high sinuosity single channel systems. The 
lower parts of point bars were dominated by transverse bars whose 
downstream migration generated large-scale cross-beds. Dunes were 
present on the downstream and upper parts of the point bar (Figure 5.2); 
in some cases they may have occupied the deepest parts of the channel 
(Figure 4.34, Column II).
The single most important feature of the sequences is that 
palaeocurrent directions within individual units are very consistent but in 
vertically and laterally adjacent units, they may be opposed by up to 180°
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(Figures 4.36 and 4.12). Whilst upward fining may be present in both 
meandering and braided streams, the consistency in palaeocurrent 
directions within sequences would appear to be most characteristic of 
the point bars of high sinuosity streams (Bluck 1971; Stewart 1981). This 
contrasts with sandy braided models in which the presence of 
cross-channel bars can be expected to produce a considerable 
divergence in palaeocurrent directions between cross-beds of different 
scale (Cant and Walker 1976, 1978). Transverse bars characterised by 
relatively large-scale cross-beds are a characteristic feature of 
coarse-grained point bars and their directional attributes would 
appear to be only slightly divergent from other point bar structures 
(photographs in Levey 1978). The general consistency in palaeocurrent 
direction between large-scale cross-beds and other cross-beds in the 
Brunner Coal Measures is consistent with a transverse bar origin. The 
occurrence of mean vectors at high angles to those in adjacent units 
(Figure 4.36), is easily accommodated by a medium to high sinuosity 
system with meander beds whereas it is inconsistent with low sinuosity 
rivers (braided or single channel). It is noteworthy however, that changes 
in mean palaeocurrent direction of up to 135 degrees have been recorded 
in successive braided stream units of the Hawkesbury Sandstone (Rust 
and Jones -1986). Furthermore, significant swings in moving average 
azimuths of superposed channel deposits have been recorded from other 
braided stream deposits (Miall 1976) and some modern streams locally 
exhibit large changes in channel direction (Crowley 1983, Williams and 
Rust 1969). In general, whilst superimposed braided channel deposits can 
exhibit evidence of palaeoflow variability, it is not as large or as common 
in meander systems.
Some of the large-scale cross-beds have considerably greater 
amplitude than others ascribed to a transverse bar origin in 
meandering systems (3-4 metres, cf. 2 metres described by Nijman and
104
Puigdefabregas 1978). Many large-scale cross-beds in braided rivers 
are a response to seasonal flood flow (outlined below) and it is 
possible the size of these cross-beds may also be related to flood 
events; their amplitude may in part be due to scouring and local 
deepening of areas into which transverse bars migrated.
The exceptional rather than typical occurrences of fine pebble 
conglomerates in what would otherwise be upward fining sequences 
provide additional insight into the sedimentary processes at meander 
bends. The local occurrence of a fine pebble conglomerate in the 
middle of a sequence (Figure 4.34, Column I) may reflect head to tail 
segregation of transverse bar detritus. In gravelly meandering 
streams transverse bars exhibit head to tail fining; the head is 
characterised by massive bedding whereas a slip face is developed at 
the tails (Gustavson 1978).
In the same general area (Figure 4.34, Column II) a lensoidal fine 
pebble conglomerate interbedded in a thin mudstone unit is 
interpreted as a chute deposit. Many point bars are two-tiered 
(McGowen and Garner 1970; Levey 1978; Nijman and Puigdefabregas 
1978) and chutes act as a sediment conduit during times of flood. As 
chutes are generally filled entirely with fine-grained sediment 
deposited during post-flood stages, the occurrence of a fine pebble 
conglomerate is unusual. It is inferred to have been transported from the 
head of a transverse bar rather than the scour pool where relatively 
coarse detritus is generally entrained as a lag deposit.
It is possible that chute enlargement to form secondary or major 
channels by avulsion was a common event. It is for this reason that 
preservation of fine-grained chute deposits was exceedingly rare.
During chute cut-off, flow diversion and abandonment is likely to be
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gradual whereas neck cut-off may be relatively sudden. In general, a 
consequence of the difference in rate of abandonment is that channels 
abandoned during chute cut-off may be largely filled with bed-load 
sediment. This contrasts with channels abandoned during neck cut-off 
that generally exhibit mudstone plugs that abut former cut-banks. In the 
Brunner succession there is indirect evidence for chute rather than 
neck cut-off. Near the Webb Opencast Mine (1981), a sequence with 
an upward decrease in scale of sedimentary structures that terminates 
laterally (Figure 4.18D), is interpreted as a point bar sequence, whose 
component bar forms ceased to migrate as cut-off diverted flow and 
bed-load. A rootlet-bearing, micaceous, fine to medium sandstone that 
drapes the point bar structure is interpreted as reflecting gradual 
abandonment. Overlying sandstone units are inferred to represent 
re-occupation of the formerly abandoned channel. The rapid vertical 
transition from large-scale cross-beds to fine-grained sandstone and 
mudstone in Plate lie is also interpreted to represent channel 
abandonment due to chute cut-off.
Braided Rivers with Numerous Shallow Channels
The lack of upward fining and consistent change in type and scale 
of structures in the association dominated by Ss, St and Sh, is interpreted 
as a low sinuosity braided stream system with numerous shallow 
channels (Figure 5.3). On the basis of similarity of lithofacies 
associations, there are no modern analogues known to the author. 
Modern sandy braided streams that have been described to date have 
been dominated by tabular cross-beds (Sp; see Smith 1970,1971; 
Platte Type of Miall 1977,1978) or trough cross-beds (St, with minor Sp 
depending on the development of cross-channel, transverse bars, Cant 
and Walker 1976,1978a,b; South Saskatchewan Type of Miall 1977, 
1978).
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In the ancient rock record some sandstones alternating with 
conglomerate, or pebbly sandstones, have closest known similarities to 
the lithofacies association present in the Brunner Coal Measures 
(mid-Devonian Malbaie Formation, Canada, Rust 1984; Devonian Old 
Red Sandstone, Scotland, Bluck 1980). The Brunner lithofacies 
association is intermediate in characteristics between the sandstones 
of the Malbaie Formation and pebbly sandstones of the Old Red 
Sandstone; both these ancient sequences have been interpreted as 
representing proximal braided stream environments. The Brunner 
Coal Measures, Malbaie Formation and Old Red Sandstone 
sequences are all characterised by the prevalence of scours; however 
the nature and proportion of scour-fill lithofacies is different. The Malbaie 
Formation is dominated by shallow concave scours that are often 
lined with mudstone intra-clasts (Se, a variant of the lithofacies Ss); 
planar and low angle planar stratifion (Sh and SI, a variant of Sh), and the 
development of current lineation are also characteristic. The scours of 
the Old Red Sandstone are characterised by a fill with foresets (St). The 
Brunner lithofacies association is characterised by both Ss and St facies, 
and Sh and SI are also present. Of the two ancient examples the 
Brunner Coal Measures is probably closest in similarity to the Old Red 
Sandstone as in addition to the facies recorded as St, many of the 
scours recorded as Ss may also be St (unless plan and tranverse 
sections can be observed the distinction can be difficult particularly 
where cross-bedding is concordant with or at a low angle to and 
underlying scour surface). With respect to grain size, the very coarse 
sandstone and grit of the Brunner Coal Measures have a closer affinity 
to the pebbly sandstone of the Old Red Sandstone than the fine to coarse 
sandstone of the Malbaie Formation.
The facies Ss represents scouring and subsequent filling by plane 
bed forms moving over a convex upward surface whilst the facies St
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represents dune formation. The development of Ss (a variant of Sh and 
SI) rather than St (or Sp) may indicate that conditions were too shallow 
for the development of foresets (see later discussion of facies Gm and 
Gp). The heterolithic nature of some scour fills (silty interbeds, interbeds 
of well sorted medium sandstone to grit, other scours and cross-bed 
types) suggest that variable and often low velocity conditions 
prevailed (cf. the shallow, high velocity, upper flow regime conditions 
inferred by Rust 1984).
Braiding in both gravelly and sandy rivers, is due to the 
dissection, during low river stages, of bars formed during declining flood 
stages, or sandflats which may have developed on top or in the lee of 
bars (Rundle 1985a,b; Smith 1971; Cant and Walker 1978b). During 
low river stages, flow is concentrated into chutes which dissect 
flood-generated bars (dunes, transverse bars, compound bars). In 
addition to erosion by the next major flood, the preservation of high flow 
or flood-generated lithofacies depends on the thickness of the bar forms 
and the depth to which reworking by chute processes occurs and the 
development of the protective capping of sandflats. (Although the 
reasons for the development of extensive sandflats are not known it is 
conceivable they are favoured by relatively low stream gradients and high 
sediment volume.)
In the Brunner sequence the lithofacies Ss may represent 
scouring and filling in shallow channels or the dissection of 
flood-generated medial or lateral bars. The predominance of this 
bedding type reflects both the ubiquity of the scour and fill process and 
the originally thin development of flood-generated bar forms that gave 
rise to the lithofacies Sh, St or Sp. The asymmetrical development of 
some scours suggests they were initially filled by a deltaic growth from 
the side before being filled concordantly with the scour surface. The
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divergence of palaeocurrents associated with scouring and 
subsequent filling is indicative of differences in flow direction at different 
stages; this is a characteristic feature of braided systems (see Bluck 
1979, 1980). Silty fine sandstone interbeds might represent either 
quiet waters in the lee of emergent bars (cf. sandflats of Cant and 
Walker 1978a,b) or in slough channels (see also Bluck 1979,1980).
Rivers with Several Relatively Deep Channels (Braided-Meandering 
Transition)
Some sequences are characterised by large-scale cross-beds (Sp) 
and an association dominated by Ss and St typical of sequences 
interpreted as braided stream deposits (above). The large-scale 
cross-beds (Figures 4.6 and 5.4, Plate lllb) are inferred to have formed in 
deep channels. The basis of inference is that in the meandering point bar 
systems outlined above, cross-beds of similar character occur at or near 
the base of sequences that represent the deepest parts of the river. In 
addition, meandering stream deposits with large-scale cross-beds 
occur at similar stratigraphic levels to these braided sequences.
Given the temporal and spatial proximity of the large-scale 
cross-beds from the two types of sequences it is most likely they 
represent a response to similar conditions. In this case it appears that 
mid-channel bars (as inferred from the presence of Ss, St, Figure 5.4) 
rather than point bars were developed (cf. upward fining of the 
meandering stream deposits). The large-scale cross-beds almost 
certainly represent a response to flood conditions of a large river(see also 
Singh and Kumar 1974; Coleman 1969; Rust and Jones, 1986). They 
are probably most accurately interpreted as large-scale transverse 
(linguoid) bars or sandwaves migrating over a previously eroded 
surface rather than large-scale dunes. In modern rivers dunes are 
commonly of the order of 10 to 30 centimetres amplitude. They are
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characterised by basal erosion immediately preceding deposition of 
cross-beds. The erosion is a response to turbulence associated with 
sinuosity of dune fronts and their topography. Dunes up to 0.7 metres 
amplitude have been recorded during floods (Singh and Kumar 1974). 
Large-scale bedforms in the sandy braided Brahmaputra River, with an 
amplitude up to 15 metres (Coleman 1969), have been referred to as 
dunes and sandwaves. However the similarities in hydrodynamic 
conditions and bedform response between dunes (less than 0.7 metre 
amplitude) and sandwaves of similar scale and what have been referred 
to as large-scale dunes and sandwaves are not known.
Some sequences exhibit evidence for lateral accretion and hence the 
presence of point-bars in association with braided channels. The 
intra-sets of some inclined beds (Plate V) indicate that laterally 
accreting point-bars were traversed by sandwaves that advanced 
obliquely to the point bar (see Figure 2 of Beutner et al. 1967).
Interbedded units comprising an association of Sh, Sp and minor Ss, 
St are interpreted as mid-channel sand-flat deposits. Both their relative 
fineness (fine to coarse sandstone cf. grit of adjacent beds) and 
small-scale of cross-bedded structures are indicative of 
comparatively reduced flow conditions.
There are several alternatives that may explain the mutual 
presence of braided and meandering styles within the same restricted 
stratigraphic interval or the same river. Either rivers temporally 
fluctuated between the two modes (Figure 5.5A) in response to 
allocyclic controls (e.g. load or discharge variation) or meander bends 
were separated by braided reaches (Figure 5.5B). It is extremely 
difficult to trace in outcrop the lateral gradation of one type into the 
other as the succession is comprised entirely of amalgamated
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sandstone units. Both occurrences reflect braided to meandering 
transition.
Gravelly Braided Rivers
The thick conglomerate sequence at Mount Rochfort is interpreted as 
a braided stream sequence. The main geomorphic elements are 
relatively deep channels dominated by gravelly longitudinal bars. 
Transverse bars were sometimes present in deep channels. Sand was 
by-passed through the most active parts of the channel system but 
accumulated in abandoned channel tracts and those at higher 
topographic levels that were subject to less active flow conditions 
(Figure 5.6). Local unbroken sequences of conglomerate up to 30 
metres thick suggest the site of the most active channels was often 
stabilised for long periods between relatively abrupt shifts.
The coarse nature of massive to crudely stratified conglomerate, 
imbrication, sorting and packing characteristics are all indicative of a clast 
by clast accretion process under conditions of high water discharge. 
These conditions characterise the formation of longitudinal and 
diagonal bars of braided streams (Hein and Walker 1977; Miall 1977; 
Williams and Rust 1969). There is no evidence to suggest deposition via 
a debris flow mechanism (cf. the underlying Hawks Crag Breccia 
whose clasts are poorly sorted, angular and supported by a sandy 
muddy matrix). Sand in clast-supported conglomerates probably 
represents infiltration during waning flow. Sand-supported 
conglomerates probably represent simultaneous deposition of sand 
and gravels from a flow in which there was high sediment concentration 
and rapid deposition; previously segregated gravels, remobilised 
during floods have been mixed with sands (see Steel and Thompson 
1983). Normal and reverse grading may variously reflect downstream
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progradation of bars with head to tail size differentiation or lateral 
migration of bars.
The occurrence of the cross-bedded facies Gp (Plate Ilia) 
indicates the presence of transverse or linguoid bars that migrated in 
locally deep channels (at least four metres). Intercalations of thin and 
relatively fine-grained units and slight discordance between some beds 
reflect variations in turbulence and discharge and possible emergence. 
Slight upward coarsening may reflect size differentiation along the bar. 
The overlying cobble conglomerate (Plate lla) might also reflect size 
differentiation along the bar and represent the ’supra-platform’ part of 
a mid-channel bar (see similar upward coarsening and transition 
from Gp to Gm, described by Steel and Thompson 1983).
Reasons for the development of horizontal (Gm) versus 
cross-stratification (Gp) are not well known but several suggestions have 
been made. Hein and Walker (1977) noted that longitudinal bars (and 
horizontal stratification) formed under conditions of higher sediment 
discharge than transverse bars (and cross-bedding). They suggest 
sediment discharge conditions affect the balance between upward 
growth and downstream migration and thus stratification type; transverse 
bars forming under low discharge accrete vertically relatively rapidly 
and develop slip facies whereas longitudinal bars do not. A similar 
idea was proposed by Jopling (1966) in flume experiments with sand; 
the development of horizontal or cross-bedding was determined by the 
rate of upward movement of the position of the equilibrium profile. Rust 
and Koster (1984) note that massive conglomerate (Gm) is dominant 
in modern shallow flow periglacial settings but cross-bedded 
conglomerates (Gp) are common in many ancient sequences. They 
attribute the common presence of Gp to greater bar and channel relief 
that results from commonly recurring deep flood flows characteristic of
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humid climate environments (see also Kraus 1984; Rust 1984). The 
relative abundance of cross-bedded conglomerate (Gp) in the basal 
Brunner Coal Measures is uncertain because of limited exposure. Given 
the humid climate conditions that prevailed during the deposition of the 
Brunner Coal Measures (Chapter 2 Part C) it is quite conceivable that 
floods were common and conducive to forming relatively deep braided 
channels (as in the sand/grit dominated sequences characterised by 
large-scale cross-beds described above).
Major Crevasse or Distributary Sub-Deltas (and Associated Splay 
Environments) and Coastal Lakes
The upward coarsening cycles of mudstone and tabular sandstone 
units, near the top of the Brunner succession in the Hut Stream- 
Waimangaroa Gorge area (southern part of the Buller Coalfield) and 
Webb/Baynes area, are interpreted as the deposits of mouth bars and 
major crevasse channels or distributaries discharging into a coastal lake 
(or lakes, Figure 5.7). The common presence of planar cross-beds with 
fine-grained drapes indicates low flow conditions (cf. the dunes of fluvial 
channel deposits of equivalent sediment coarseness); this is consistent 
with deceleration as distributaries approach standing water. The 
presence of complete cycles with thin coals or carbonaceous 
mudstone units capping coarse sandstone units indicates lake depths of 
about two to five metres. This contrasts with smaller scale upward 
coarsening cycles in the Webb/Baynes area, where it is inferred standing 
water bodies were shallow and of limited areal extent (ponds; next 
section). At some localities distributary channels incised into 
previously deposited sub-delta plain sediments where formerly 
abandoned sub-deltas were re-occupied (Figure 5.7). The absence of 
mudstone at the base of some cycles (or the presence of a very thin 
mudstone) probably results from overlapping of adjacent or successive
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mouth bars; soon after local inundation of one mouth bar and 
distributary sequence, the next was deposited before mud had time to 
accumulate. The overlapping of mouth bars reflects the overall lobate 
form of the sub-delta(s) (Figure 5.7; cf. the elongate protruding 
birds-foot delta type).
Mudstone units at the base of upward coarsening cycles are 
rarely bioturbated and like others in the Brunner Coal Measures are 
clayey, carbonaceous and grey black (cf. the intense bioturbation in the 
upward coarsening cycles and the distinctive dark brown siltstone of the 
Millerton Sandstone). For these reasons the distributaries or major 
crevasse channels are inferred to have discharged into a coastal lake 
rather than a lagoon with salinities conducive to the development of a 
prolific infauna.
The succession of numerous upward coarsening cycles suggests a 
sub-delta and lake system persisted in the Hut Stream area (elsewhere in 
the Buller Coalfield only one such upward coarsening cycle is known and 
that occurs in the northeastern part of the Webb/Baynes area). One to 
several kilometres from the Hut Stream locality (Burnetts Face and 
Denniston), lensoidal sandstone/grit units interbedded with tabular 
sandstone and mudstone units are interpreted as distributary (or major 
crevasse) channel and crevasse splay deposits; they are interpreted as 
a facies association that was more proximal to a major river system than 
the sub-delta and lake environments (Figure 5.7).
Overbank Environments
Various assemblages of mudstone and interbedded sandstones 
facies represent levee, floodplain and crevasse processes (channels, 
splays, small-scale Gilbert and mouth-bar deltas where ponds or small
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lakes were present). As all these processes may be operative in close 
proximity and may produce similar small-scale upward coarsening cycles 
(e.g. Elliot 1974; Oomkens 1970; Flores 1981; Farquharson 1982; 
Fielding 1984), distinction can be difficult (see also Ethridge et al. 1981).
In the Brunner Coal Measures, the transition from coal to 
laminated carbonaceous mudstone and massive mudstone, in for 
example, the Webb/Baynes area, represents drowning of peat and the 
formation of a shallow lake environment. Upward coarsening into fine 
sandstone suggests shallow lakes were infilled by mouth bar 
progradation of creek, small crevasse splay or river deltas. Where areas 
of standing water were infilled by splays, small-scale upward coarsening 
cycles without a basal mudstone component were formed. Lensoidal grit 
units with erosive bases are interpreted as crevasse channel or 
proximal splay deposits (cf. the more tabular aspect of distal crevasse 
splay deposits). Grading in some is consistent with decelerating flow. 
Thinning and fining away from channel dominated facies is indicative of 
a sudden incursion of coarse sediments from a point source either as 
subaqueous lobes (Arndorfer 1973; Tyler and Ethridge 1983) or 
channels (Stear 1983). Rootlets indicate splays were colonised by 
herbaceous vegetation. In rare instances, thin peats were 
established. Local subsidence initiated cycles of shallow lake 
formation and infilling, as outlined above.
The development of small Gilbert-deltas, both in the Brunner Coal 
Measures and in other fluvio-lacustrine sequences, appears to be 
exceptional rather than characteristic (see also Farquharson 1982; 
Fielding 1984). Mouth bars are inferred to result from dense 
underflow of sediment laden waters entering a standing body of water 
(hyperpycnal flow). Gilbert-deltas result from thorough mixing of river 
and lake waters. Rapid sedimentation of the coarsest fraction initiates
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development of a slip face. The reason Gilbert-deltas were developed in 
some instances (as suggested by Fielding 1984, in a similar 
fluvio-lacustrine setting), may be related to changes in suspended 
load concentrations or increasing water depths. In one of the Brunner 
Gilbert-deltas, relatively deep water (about three metres), appears to 
have been a consequence of compaction in the underlying coal seam 
(Figure 4.8).
Levee sediments are difficult to distinguish from upper point bar 
sediments and crevasse splay sediments. They may form minor 
upward coarsening sequences of local extent when a river migrates 
toward the flood basin and coarse proximal levee deposits prograde 
over distal fine facies; however the migrating river consumes these 
deposits and hence preservation potential is low. The lensoid unit with 
flood-basinward dipping stratification (Figure 4.9, 3 metres Column I) 
is one of very few units that could be interpreted as a levee deposit with 
a reasonable degree of certainty.
DELTA FRONT AND ASSOCIATED COASTAL ENVIRONMENTS 
(MILLERTON SANDSTONE)
Trace fossils (including Ophiomorpha) and various body fossils, 
rootlets and a single muddy coal bed of two to three centimetres 
thickness, collectively indicate the Millerton Sandstone is a 
near-shore marine transgressive unit. Recognition of the type of 
coastline (deltaic, non-deltaic or components of both), various 
sub-environments and the nature of the transgressive process are far 
from resolved as the data base is sketchy and successions are 
variable. This interpretation is based on some general 
characteristics and specific features of several representative and some 
atypical sections.
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A micro- to meso-tidal coast is indicated by the conspicuous 
absence of features which characterise meso- to macro-tidal 
coastlines. These include channelisation of sandstone with upward 
fining and basal lags (tidal channels), bi-directional 
cross-stratification and heterolithic sandstones and mudstones (tidal 
flats). It is unlikely their absence is due to low preservation potential 
(cf. sub-environments of transgressive barrier-lagoonal systems); 
tidal channel deposits are both thick and below wave base and tidal flat 
deposits are easily preserved as erosive energy of waves is dissipated 
over a wide area (see reviews by Reinson 1984; Heward 1976; Elliot 
1978; Galloway and Hobday 1984).
The majority of units in the Millerton Sandstone are interpreted as 
delta front deposits. The Brunner coastline (Buller Coalfield) was 
probably characterised by protrusions where large rivers and/or 
numerous distributaries entered the sea (Figure 5.8). Whilst 
inter-mouth areas were inundated, the protrusions were maintained by 
vertical aggradation of mouth bar deposits temporarily offsetting 
transgression. The amount of sediment supplied in relation to 
subsidence was insufficient for progradation. Transgression occurred as 
sites of large river mouths were diverted and when subsequently 
re-diverted, were unable to attain their former coastward positions 
(Figure 5.8). Both upward coarsening and upward fining, and sharp and 
gradational contacts between fine and coarse sandstone units can be 
attributed to the migration behaviour of distributary mouths in both a 
proximal-distal and an axial-lateral sense (Figure 5.9). In actively 
prograding delta systems with an abundant sediment supply, 
bioturbation is, in general, rare in delta front sandstones. Thin extensive 
bioturbate sandstone units (transgressive lag) are often developed 
during delta abandonment (Ryer1982). The common presence of 
bioturbation in the delta front sandstones associated with the Brunner
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rivers is indicative of a relative paucity of sediment supplied in a setting 
dominated by transgression. A general upward increase in intensity of 
bioturbation in the Millerton Sandstone reflects increasing distance 
from the river mouth and/or diminished sediment supply as the site of 
the river mouth shifted (Figure 5.8). Similarly, variation in bioturbation 
intensity between successive beds, reflects variation in sediment supply 
of mouth bars in both a proximal-distal and axial-lateral sense (Figure 5.9). 
The association of a range of horizontal to vertical burrows (resembling 
th e ’Cruziana’ ichnofacies of Frey and Pemberton 1984), is indicative 
of moderate energy conditions and this is consistent with the 
proposed delta front setting. The occurrence of some interbedded 
units with pervasive vertical burrows is not easily explained; vertical 
burrows are often associated with high energy conditions but in high 
energy conditions, physical structures generally predominate over 
biogenic ones.
Delta plain facies (mudstone, coal) are readily preserved and are 
characteristic of prograding river systems. In a transgressive setting 
the preservation potential of thin deltaic plain facies is low. The one 
known occurrence of a very thin (two to three centimetres) muddy 
coal seam in association with intensely bioturbate fine sandstone 
(Figure 4.34, Column VI) may represent a thin marsh peat developed 
adjacent to a small bay formed by drowning between two 
distributaries. The general absence of a deltaic plain with thin mud 
and peats (cf. the coastal lake and sub-deltaic plain system described 
above) probably reflects the thinness of these deposits and their 
destruction during transgression. Local erosion of marsh deposits by 
wind-driven bay-waters is characteristic of many deltas (Gould 1970; 
Kanes 1970). However no analogues of beach ridge lags (cf. Kanes 
1970) are developed. The association of rootlets and animal 
bioturbation near the base of the Millerton Sandstone is indicative of
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marsh conditions (Figure 4.38B). Alternating bioturbate coarse and fine 
sandy mudstone in close proximity to rootlet bearing lithologies (also 
Figure 4.38B) may represent crevasse deposits associated with a 
distributary channel.
THICKNESS CONTROLS
Significant features of the Brunner Coal Measures in the Buller 
Coalfield that require explanation are: the relationship between fault 
trends and isopachs, the considerable thickness variation of basal 
conglomerates and sandstone/grit, and rapid lateral changes in thickness 
of the Buller Seam Member and inter-split characteristics. 
Syn-depositional faulting appears to be the main factor but peat 
compaction and valley incision may have contributed to some of these 
features.
Syn-Depositional Faulting and Half-Graben Tilt Blocks
The geometry of clastic units enclosed by upper and lower splits of the 
Buller Seam Member (Figure 3.4) indicates substantial differential 
subsidence over relatively short distances. There are some instances 
where thickness variation of clastic units is generally related to thickness of 
a lower split of the Buller Seam Member and could be attributed to 
syn-depositional compaction of peat. However there are many instances 
where there is no relationship between the thickness of a clastic unit and a 
lower split of the Buller Seam Member. Even if syn-depositional 
compaction does provide a satisfactory explanation of thickness variation 
in clastic splits, the origin of thickness variation in the underlying coal 
remains and needs to be explained. The following discussion indicates 
syn-depositional faulting and tilting of fault-blocks provides the best unified 
explanation of many features of the Brunner Coal Measures.
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There are at least several instances in the Buller Coalfield where local 
trends of isopachs of the Buller Seam Member are close to being parallel 
to either northwest or northeast trending faults (Figures 3.1 and 3.7 
synthesized in Figure 5.20). For example, in the Millerton Mine area 
(vicinity of 160490, Figure 5.20) an area of thick coal with a generally 
northwest elongation of isopachs occurs immediately northeast of the 
northwest trending Mangatini Fault. Similarly, southeast of Mt Augustus 
(vicinity of 155465, Figure 5.20), a narrow elongate area of thin coal 
(’Stockton High Ash Zone’), that separates areas of thick coal (Stockton 
and Webb Opencast Mines), is coincident with a northwest trending fault 
system. In the Upper Waimangaroa area (vicinity of 170440, Figure 5.20) 
and unlike the Millerton and Webb Mine areas, isopachs have a northeast 
orientation and are coincident with the Mt William Fault. Further north in 
the vicinity of the Mt William and Fly Creek Mines a zone of seam-splitting 
(Figure 4.23, RHS; Figure 3.4, A-A’, RHS) is coincident with the Mount 
William Fault.
Several alternatives can be considered when evaluating the cause of the 
close relationship between fault and seam isopach orientations. One 
alternative is that thickness variation in the Buller Seam Member is a result 
of peat accumulating in a subsiding tilt-block of a half-graben. In this 
model (Figure 5.15) the rates of subsidence increase toward the fault. The 
fault zone is likely to be a site of very thick coal or thin coal associated with 
sandstone splits.
A second alternative is that thickness variation in the Buller Seam Member 
is due to filling of valleys which have been incised along formerly active 
faults (and that the faults have been reactivated during uplift of the 
Papahaua Range). A relative lowering of sea-level and base-level is 
implicit in a model with valley incision. It is also possible both factors were
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operative and pre-existing faults in incised valleys were rejuvenated during 
peat accumulation.
It is easy to envisage that where the Buller Seam Member rests on 
basement, thickness variation could have resulted from the filling of a 
valley which was formed by selective erosion of bedrock in the vicinity of a 
fault. However in those situations where the Buller Seam Member overlies 
thick sandstone successions (eg Webb Opencast Mine and elsewhere), 
there are several arguments that make the above model untenable. Firstly 
there is no reason why erosion during a phase of valley incision should 
selectively occur at the site of a basement fault that has been buried. 
Secondly there is no evidence for disconformity between the coal and 
underlying sandstone. In a valley fill model, the mudstone underlying the 
coal would represent a pond facies between the (raised) swamp and valley 
side. There is no indication that the mudstone (or any underlying 
rootlet-bearing horizon that could be interpreted as a palaeosol) overlies 
successively younger sandstone units in the direction of coal thinning.
This should be easily recognisable where large thickness changes in coal 
occur over short lateral distances. However, all the field evidence 
indicates the sandstone to mudstone to coal sequence is part of a 
conformable channel to peat cycle.
Adjacent half grabens can have either the same or opposite senses of 
symmetry. Between the Fly Creek and Mt William Mines (Figure 3 .4 , RHS 
of A-A’), the Mt William Fault zone probably represents the boundary 
between two adjacent half grabens with similar senses of symmetry. From 
the Mt William Mine to the Mt William Fault, the westerly thickening 
splitting, and local absence of the Matipo Seam Member, represents 
increasingly high rates of subsidence toward the fault. Immediately west 
of the Mt William Fault the Matipo Seam Member is thick and this area 
represents a relatively slowly subsiding area and the locus of tilting of the
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adjacent block. Further west, the Matipo Seam Member is thin (due to 
erosion associated with deposition of the overlying sandstone unit) and 
the separation between the Matipo and Mangatini Seam Members 
increases; both these features indicate a progressive increase in the 
amount of subsidence west of the Mt William Fault.
In some of the cross-sections (eg Figure 3.4, LHS, A-A’ and F-F) the 
Buller Seam Member splits at one location and joins at another. It is 
possible that this style of splitting, and thickness variation of enclosed 
clastic units, represents adjacent half grabens with opposite senses of 
symmetry that have coalesced to form a nearly symmetrical basin; 
geometrical considerations necessitate postulating the existence of a 
central horst.
Both the above examples illustrate the way in which two adjacent and 
synchronously subsiding tilt block areas can produce different styles of 
splitting and thickness variation. With temporal and spatial differences of 
active faults, there is the potential to produce a wide variety of splitting 
patterns.
If syn-depositional faulting and tilting of blocks has occurred and if it is 
assumed that the locus of channel sedimentation will tend to be located in 
areas of greatest subsidence, then it can be expected these factors will 
leave some imprint on the pattern of facies distribution and thickness. In a 
setting without tilting of fault blocks, interbedded sandstone, mudstone 
and coal units are essentially tabular on both sides of the fault but all units 
are thicker on the downthrown side (eg Horne et al 1978, Padgett and 
Ehrlich 1978). This contrasts with the Webb/Baynes area (Figures 4.19 
and 4 .20 ) where the thickest part of the succession comprises 
amalgamated sandstone units. The sandstone units pass laterally into,
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and are intercalated with a thick mudstone dominated succession toward 
the locus of splitting (also summarised in Figure 5.15).
The locus of the clastic split referred to above (167490, Figure 3.4 F-F) is 
coincident with the Mangatini Fault (Figure 3.12). An elongate belt of very 
thick coal occurs immediately to the northeast of the Mangatini Fault (see 
above). It would appear that when downthrow on northeastern side of the 
Mangatini Fault ceased, movement on an unidentified fault to the 
southeast, and tilting to the southeast, began. The northeastern limit of 
the tilt block and the locus of splitting was the Mangatini Fault. Judging by 
the length of the thick elongate coal belt to the northeast (cf other fault 
systems associated with deposition of the Brunner Coal Measures), and 
its pivotal position to the tilt block to the south east, the Mangatini Fault 
must, at this stage, have been a relatively large fracture in basement.
The strong relationship between fault and isopach trends of the Buller 
Seam Member reflects proximity of seams to basement and the scarcity 
of mudstone between the seam and basement. If for example the Buller 
Seam Member was underlain by a thick sandstone and mudstone 
succession of several hundred metres, as is the seam in the Brunner 
Coal Measures in the Greymouth Coalfield (Chapter VI), the relationship 
between syn-depositional fault trends and seam isopachs could easily 
be obscured by the effects of differential compaction in underlying 
sandstones and mudstones. This effect would be enhanced if 
sandstones were concentrated in areas of most rapid subsidence. In 
the Millerton and Webb/Baynes area there are several instances where 
the Buller Seam Member, resting close to or on basement, thickens 
from ten to twenty metres over less than several hundred metres. It is 
unlikely that such rapid thickness variation could occur in the
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stratigraphic setting of the seam in the Brunner Coal Measures at 
Greymouth.
The large differences in proximity of basal conglomerates to the 
Mangatini Seam Member in the northern part of the Buller Coalfield 
(0-50 metres) are most readily explained by syn-depositional fault 
movement (Figure 5.10A). The alternative and less likely explanation 
requires invoking several phases of valley incision up to 50 metres and 
subsequent filling. In this model, conglomerates immediately beneath 
the coal, represent perched remnants in an incised valley infilled with 
conglomerate; the conglomerate was subsequently re-incised and 
most of it removed (Figure 5.10).
Syn-Depositional Compaction of Peat
In sequences without thick coal seams, large-scale cross-bedding features 
are readily attributed to primary sedimentary origins. In sandstone 
sequences above thick coal seams, large-scale inclined bedding features 
have often been attributed to syn- and post-depositional compaction of 
peat (Britten et al 1975; Mallet and Dunbavan 1984). In sandstone 
sequences above thick coal seams it is possible that large-scale 
cross-beds of primary sedimentary origin can be present whilst inclined 
bedding of compactional origin is absent. It is also possible both types 
can be present. There are instances where distinguishing between 
primary cross-beds and inclined bedding of syn-depositional compaction 
origin is difficult and clearly there is a need to establish recognition criteria. 
To establish recognition criteria it is necessary to have an appreciation of 
the response of peat to localised loading and consider systematic versus 
random migration of the sites of peat compaction and the effects of lateral 
changes in peat thickness. The sources of localised loading are crevasse 
and channel deposits. The characteristics of each of these, parallel and
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perpendicular to depositional strike also need to be considered when 
differentiating between inclined bedding of compaction origin and 
cross-bedding of primary origin.
Peat is such an extremely compactable material that a load equivalent to 
less than a metre of overlying lithologies is capable of producing a strain of 
50%. Compaction behaviour is dependant on structural composition. 
Amorphous peats with a high proportion of water adsorbed to colloidal 
particles are less susceptible to compression than fibrous peats in which 
water largely occurs in interstitial spaces (Berry and Poskitt 1977). 
Numerous authors have estimated a wide range of peat to coal 
compaction ratios that range from 1.4:1 to 30:1 (Ryer and Langer 1980). 
Peat is bi-linear in its compaction behaviour. Initially it responds rapidly to 
relatively small increases in load but eventually reaches a point where 
further increases in compaction require substantial increases in load. The 
base of modern peats is generally about three times as dense as the top 
(Ashley 1907). This indicates that the process of peat compaction begins 
early and is self-generated with ongoing peat accumulation.
Peat compaction in response to loading by clastic sediments can produce 
a variety of large-scale inclined bedding features. The nature of bedding 
characteristics and the bedding relationships of adjacent units depends 
largely on the style of shifting of local sites of clastic sedimentation. Unit 
geometry and thickness characteristics may be influenced by lateral 
variation in peat thickness. Some hypothetical configurations for two 
scenarios are illustrated in Figure 5.11.
The style of shifting of sites of crevasse deposition is likely to depend on 
the continuity of sediment supply from the same (point) source and 
compaction behaviour of peat. Continuous sediment supply, and peats 
that compact readily, are likely to produce stepwise and uni-directional
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lateral shift in the site of peat compaction and a successon of inclined 
beds (Fig. 5.11) Intermittent supply from a single source, or supply from a 
multiple crevasse system, in combination with peat that is relatively slow to 
respond to loading, is likely to produce isolated crevasse units with 
antiformal structure. It can be expected that where there is a large change 
in peat thickness over a small distance (due to tectonic subsidence or 
palaeotopography) peat subsidence due to self-generated compaction will 
be greatest where the peat is thickest. Upon drowning of the peat swamp 
and initial loading by clastic sediments, the sites with the thickest peat 
have the greatest potential to localise crevasse and channel sedimentation.
Mallet and Dunbavan (1984) have explained the occurrence of large-scale 
cross-bedding features overlying coal seams in Permian Coal Measures in 
the Bowen Basin with a model of syn-depositional compaction. The 
generalities of this model may have widespread applicability. If it is 
assumed that crevasse deposits overlying peat will form a bowl shaped 
(rather than tabular) unit about a locus of subsidence, then it is relatively 
simple to propose a mechanism for lateral migration of the site of peat 
compaction. With continued increases in clastic load, peat compaction at 
the site of maximum subsidence will eventually reach a threshold beyond 
which further increases in load will only produce relatively minor 
compaction. At this stage the areas peripheral to the site of maximum 
subsidence have already begun to subside. They still have the capacity to 
continue compacting relatively rapidly and hence effect a lateral shift in the 
locus of deposition. Repetition of the process will produce a succession of 
units that dip in the direction of channel migration (Figure 5.11a).
A list of criteria that can be used in distinguishing between large-scale 
inclined bedding of primary origin and those arising from lateral migration 
of the site of peat compaction is given in Table 5.1. The most important 
criteria are lateral variation in grain size and relationships between internal
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stratification of successive beds or units. The table indicates that in 
general at least several criteria must be used as the presence or absence 
of any one criterion is not diagnostic. For example, lateral variation in 
grain size, (if it is present!) may be ambiguous.
In sequences without coal seams, the foresets of Gilbert-type deltas are 
characterised by down-dip fining. However it is reasonable to postulate 
that distal crevasse deposits, inclined by compaction, and in sections 
parallel to depositional strike, will also exhibit lateral fining along beds with 
low-angle inclined bedding. In sections perpendicular to depositional 
strike, the lateral parts of lense-shaped crevasse deposits exhibit both 
up-dip and down-dip fining from about the middle of the unit and are 
readily distinguished from Gilbert-delta deposits.
Convex upward stratification can result from syn-depositional and 
post-depositional compaction of peat. It occurs where both margins of a 
sandstone unit, centrally thickened by local compaction and with a 
non-erosive relationship to underlying peat, become the sites of later 
compaction and deposition. It also occurs where channels have cut into 
underlying peat and differences in peat thickness, as a result of erosional 
thinning, cause flexuring of sandstone units throughout the peat to coal 
compaction process. In the case of syn-depositional compaction of peat, 
onlap of clastic units on to those with upward convex stratification is 
characteristic. In addition, the contact between coal and overlying clastic 
units is not erosional and, if present, thickness changes in the underlying 
coal are not inversely related to thickness changes in overlying clastic 
units. In those instances where compaction post-dates deposition of 
channel sandstones that have cut erosively into underlying peat, the 
margins of channel sandstones ahve exceptionally high dips and cal 
upward convexity may persist for several units above the coal.
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The criteria outlined above (and in Table 5.1) provide considerable insight 
into the occurrence of large-scale inclined bedding at the Webb Opencast 
Mine (Figure 4.18B). The absence of lateral variation in grain size 
indicates the inclined beds are channel deposits inclined by compaction or 
represent asymmetrical filling of a channel with components of lateral and 
vertical accretion. The onlapping relationship of successive units (as 
indicated by internal stratification) is indicative of a compaction origin and 
precludes lateral accretion and asymmetrical channel filling. Slight 
changes in dip of bedding that are coincident with the margin of an 
overlying unit and splitting of a thin sandstone and mudstone unit are 
attributed to lateral migration of the locus of peat compaction. Toward the 
top of the sequence with inclined bedding (RHS of Figure 4.18B at 525 
metres) one of the units dips in the opposite direction to the underlying 
inclined beds (not incorporated in Figure 5.12). This precludes a 
Gilbert-delta origin and can be attributed to minor reversal in direction of 
migration of the locus of peat compaction. It is very unlikely that the 
convex upward nature of internal stratification of this unit could have 
resulted from lateral accretion or asymmetrical channel filling.
Inclined beds, that can be inferred to have been deposited by lateral 
accretion, do occur elsewhere in the Brunner Coal Measures. However 
the internal stratification of successive beds conforms with the base of the 
unit (side of the channel) except for beds that are clearly recognisable as 
intra-sets with cross-bedding (St or Sp). Furthermore, the inclined beds 
formed by lateral accretion are rhombic in cross-section and do not extend 
laterally into horizontal beds.
Cross-beds (0.2-0.7m amplitude) which fine down-dip and pass laterally 
into horizontal fine sandstone and mudstone (top of Figure 4.8 and Plate 
Vlb) are interpreted as small scale Gilbert-deltas associated with crevasse 
or creek sub-deltas. Larger-scale cross-bedding from the same locality
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(base of Figure 4.8; Plate Via) is also interpreted to result from a 
Gilbert-type crevasse delta. In this unusual example, the delta has 
prograded into a standing body of water which has been deepened by 
compaction in the underlying peat. Horizontal beds which truncate the 
cross-beds are interpeted as top-sets of a Gilbert-delta; if the cross-beds 
were a crevasse unit that had been inclined by compaction it would be 
reasonable to expect an onlapping relationship with the underlying unit or 
convergence of lamination toward the upper margin of the inclined unit.
The occurrence of compaction related bedding features and the 
general correlation between the thickness of coal and overlying 
lithologies in the Webb Opencast, suggest syn-depositional peat 
compaction was a major contributing cause to this relationship. 
However in view of the evidence that suggests variation in coal 
thickness is primarily of tectonic origin (above and below), it is equally 
possible the thickness variation in overlying clastic units merely reflects 
a continuation of a pre-existing pattern of differential subsidence. 
There are many areas where the Mangatini Seam Member is of similar 
thickness to that at the Webb Opencast, yet the overlying clastic units are 
relatively thin or absent.
In summary it can be concluded that even where large-scale 
inclined bedding features in clastic units overlying thick coal provide 
evidence for syn-depositional compaction, thickness variation due to 
compaction cannot be entirely separated from that of tectonic origin.
Valley Incision
Valley incision, although demonstrably present, is probably only a 
minor contributor to basement palaeotopograhy and variation in 
thickness in the basal part of the Brunner Coal Measures in the Buller
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Coalfield. This contrasts with other localities where the Brunner Coal 
Measures are locally absent and often comprise only a coal seam resting 
on basement (e.g. New Creek, Inangahua Junction; see Chapter Six).
In this latter example it is easy to envisage peat swamps filling 
depressions between basement topographic highs.
In some creek sections basement topography of up to several 
metres can be observed directly. Examples include the vicinity of the 
Sullivan Mine (Figure 4.25) and the basal conglomerates in the 
Waimangaroa Gorge (Figure 4.24). Beyond the scale of several metres 
there are no definite examples of basement topography due to valley 
incision.
MAJOR FACIES RELATIONSHIPS AND PALAEOGEOGRAPHY.
THE INFLUENCE OF DIFFERENTIAL SUBSIDENCE ON THE 
DISTRIBUTION AND THICKNESS OF FACIES
In the Buller Coalfield, lateral variations in thickness and the 
distribution of channel, overbank and peat facies were largely 
determined by differential subsidence. The general palaeogeographic 
setting at the time of deposition of the Buller Seam Member is illustrated 
in Figures 5.17, 5.18 and 5.19.
Basal conglomerates are interpreted as proximal alluvial plain 
deposits. The upward and transitional increase in the quartz content of 
the Mount Rochfort sequence records increasing mineralogical 
maturity that in turn reflects time and intermittency of transit, and distance 
from source. A general fining upward also suggests the source 
became more distant. The Mount Rochfort area is inferred to have 
subsided more or less continuously whilst most of the Buller Coalfield 
remained stationary and acted as an area of bypass. North of Mount 
Rochfort some areas accumulated polymict conglomerates at the onset
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of sedimentation then did not accumulate any sediment until the gravel 
supply had become entirely quartzose. This resulted in marked 
compositional contrasts in some thin basal conglomerate sequences 
(Figure 5.13). The conglomerate sequence at Mount Rochfortis 
inferred to have been deposited in a half-graben system with an 
approximately east to northeast orientation. There is insufficient 
palaeocurrent data to determine whether rivers were parallel, 
perpendicular or oblique to this early basinal trend. This early Brunner 
half-graben is slightly offset from an older graben system in which a 
minimum of several hundred metres of Hawks Crag Breccia 
accumulated. The occurrence of coal has largely been determined by 
the pattern and rates of subsidence. There are two tectonic settings in 
which coal is either thin or absent. Areas which remained stationary are 
characterised by thin coals interbedded with mudstone and/or 
palaeosols where coal is absent (Figure 5.15). Areas in which 
subsidence rates exceeded the upward growth of peat are characterised 
by multiple sandstone splits or thinning associated with a succession of 
rootlet-bearing sandstone units; the sandstones represent the margins of 
an active contemporaneous channel system (Figure 5.15). Thick coals 
are often the basal component of a simple split and occur between 
zones of multiple splitting and stationary highs (Figure 5.15). Whilst 
seams often thicken laterally at a regular rate, there are often small local 
pockets of exceptionally thick coal (Figures 5.15, 5.19D), which probably 
represent local sites of syn-depositional faulting.
An elongate belt which is devoid of coal of commercial thickness and 
quantity extends from the Repo Stream vicinity in the north, southward 
to and along the upper part of the central Waimangaroa Valley. It is 
flanked by areas of thick coal (e.g. Millerton, Webb/Baynes, Stockton, 
Fly Creek to Mount William, eastern side of Waimangaroa Valley; refer 
back to cross-sections Chapter Three). The absence of thick coal in this
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belt reflects both a phase of relatively high rates of subsidence which 
localised the channel belt (Figures 5.18b,c,d), and a subsequent 
stationary phase (Figures 5.18e,f). It would appear the absence of 
mineable coals in the Mount Rochfort vicinity reflects a continuation of 
high rates of subsidence that began with accumulation of a thick 
sequence of conglomerate (Figure 5.18) and a brief stationary phase (not 
illustrated). The Webb/Baynes area, the Baynes Barren Belt and 
Stockton High Ash Zones (Figure 5.19b.c.d), represent areas that 
remained stationary and high whilst thick peats accumulated in 
adjacent subsiding areas (Stockton, Webb/Baynes, Millerton); the 
sedimentation histories of stationary highs and adjacent areas are 
illustrated in Figure 5.16.
The raised nature of peats (Chapter VIII), and their high 
cohesiveness and low susceptibility to erosion, may have been 
important factors, in addition to subsidence, in localising channel 
migration. The discharge of crevasse channels into areas that were 
stationary "highs" may be due to the fact that these areas were 
topographic "lows" on account of the raised nature of the peat (Figure 
5.16D).
In the Webb/Baynes area the occurrence of coals grading upwards 
into highly carbonaceous mudstone units records the gradual drowning of 
peat and formation of shallow lakes. The generally upward coarsening 
transition from carbonaceous mudstone to interbedded sandstone 
and mudstone and to grit records the northeastward migration and 
succession of lakes, overbank (floodplain and crevasse splay) and 
channel environments (Figures 5.19e,f,g). This in turn suggests that the 
zone of active subsidence following drowning of the peat was at first 
localised but later broadened in areal extent. Large-scale cross-bedding 
features suggest this may have been in part related to the uni-directional
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migration of the site of localised subsidence due to peat compaction. 
The upward change in channel facies from streams with high sinuosity to 
those with higher discharge and lower sinuosity might also reflect 
progressive stream capture and diversion in response to an increasing 
rate of subsidence (Figures 5.18f, 5.19f,g). Whilst subsidence initiated 
channel and overbank sedimentation in the Webb/Baynes area, peat 
accumulation continued in the adjacent Millerton block (Figure 5.19).
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CHAPTER SIX
AN OUTLINE OF THE GEOLOGY AND DEPOSITIONAL 
SETTING OF THE
BRUNNER COAL MEASURES IN THE 
REEFTON-GARVEY CREEK,
GREYMOUTH, CHARLESTON AND OTHER COALFIELDS
Brunner Coal Measure sequences throughout North Westland have 
many similarities to those in the Buller Coalfield. However there are some 
aspects in which they differ noticeably. Apart from slight differences in 
coal type (Chapter Eight) and clastic composition, these include 
thickness, the facies present in the upper part of the Brunner Coal 
Measures and the contact with, and facies present in, the lowermost 
formation of the Rapahoe Group. The sequences at Reefton, Garvey 
Creek, Charleston, Greymouth and other coalfields, and at Garibaldi 
Ridge (Figure 1.1), illustrate these differences. Features such as the 
geometry of seam splitting and other lateral facies relationships are far 
from being as well documented as in the Buller Coalfield.
Nonetheless, some pertinent generalisations can be made from relatively 
few sections, that in comparison with the Buller Coalfield, contribute to 
an overview of Brunner sedimentation.
GARVEY CREEK AND REEFTON COALFIELDS 
Coalfield Geology
The Garvey Creek Coalfield, located 12 kilometres to the 
southeast of the Reefton township and coalfield, comprises about 9 
square kilometres of outcrop (Figure 6.1). The Brunner Coal Measures 
are about 200 metres thick in both the Garvey Creek and Reefton
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Coalfields. The geological succession in these coalfields is quite similar 
in that they both exhibit a local basal conglomerate, a thick (7.20 metres) 
basal coal seam and an alternating succession of sandstone/grit, 
mudstone and coal (Figures 6.2 and 6.6). A comprehensive 
account of the geology of the area is given by Suggate (1957).
A complete section of Brunner Coal Measures has been exposed by 
opencast mining along the crest of the Victoria Range ("Island 
Block"), and the access road leading to the mine (Figure 6.2). The 
structure of the Garvey Creek Coalfield is complex. Whilst the 
succession of the Island Block dips gently, areas to the south and east 
are dissected by a northeast-southwest to north-south fault system. 
One kilometre southeast of the Island Block vertically dipping beds at 
Garvey Creek are due to the existence of a monoclinal flexure. The 
combination of folding and faulting has produced severe local 
deformation including pronounced flowage of the coal (Suggate 1957, 
Plate Ih).
In the Reefton Coalfield, the coal measures dip at high angles to the 
northeast and form a band of outcrop about half a kilometre wide. They 
are generally poorly exposed (Plate li).
In both the Garvey Creek and Reefton Coalfields the Brunner Coal 
Measures rest unconformably on granite, and sedimentary rocks of 
Palaeozoic (Greenland and Reefton Groups) and Mesozoic age (Topfer 
Formation, Hawks Crag Breccia). The underlying lithologies are 
invariably deeply leached. The Brunner Coal Measures are conformably 
overlain by the Kaiata Formation. In the Garvey Creek Coalfield the 
transition in sedimentary characteristics from the Brunner Coal 
Measures to the Kaiata Formation varies markedly and ranges from 
abrupt (Figure 6.4A) to gradational (Figure 6.4B). Locally in the
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Reefton Coalfield a thick marine siltstone of the Kaiata Formation is 
intercalated in the upper part of the Brunner Coal Measures (Suggate 
1957; and Figure 6.6).
The basal Kaiata Formation exhibits considerable variation in 
lithology. Whilst some sections exhibit the characteristic thick dark brown 
mudstones (e.g. Island Block, Figure 6.4A), others exhibit alternation 
of mudstone, bioturbate sandstone and thin coal (Garvey Creek Road, 
Figure 6.4B). Several kilometres to the southeast of the Island Block 
succession, the basal Kaiata Formation comprises a 10 metre thick 
angular conglomerate and feldspathic grit (Suggate 1957). In the 
Boatmans Creek area, north of Capleston, the entire Kaiata Formation 
(600 metres) comprises mainly conglomerate, with minor sandstone, 
mudstone and thin coals; the lithologies are distinct from the Brunner 
Coal Measures in that the conglomerate is comprised mainly of leached 
Greenland Group clasts and the sandstone units (and conglomerate 
matrix) are feldspathic (Suggate 1957).
The Brunner Coal Measures are of similar age to the coal 
measures in the Greymouth and Buller coalfields (Eocene; MH2 zone of 
Nathan et al. 1983).
There is a northward decrease in rank from the Garvey Creek to
Reefton Coalfields (Romax 0.73-0.49%) that is accompanied by a 
pronounced decrease in induration of clastic lithologies.
In the Garvey Creek Coalfield, the seam near the base of the 
sequence is about 7 metres thick. The remainder of the sequence 
contains numerous thin seams. Whilst several are locally up to 1-2 
metres, the majority rarely exceed 0.3 metres (Figures 6.2 and 6.4). In
the Reefton Coalfield, in addition to a thick basal seam, there are three
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seams which have been sufficiently thick to mine and which have a lateral 
extent of several kilometres (Suggate 1957; Figure 6.6). Present mining 
operations in both the Garvey Creek and Reefton Coalfields are 
restricted to the thick basal seam. Seams close to the overlying marine 
Kaiata Formation (or marine intercalations in the Reefton Coalfield) are 
high in total sulphur (up to 7%); the paucity of pyritic sulphur suggests 
this is mostly organic sulphur (Suggate 1957). There is a general 
downward decrease in sulphur throughout the succession and from the 
top to bottom of individual seams (Suggate 1957).
Lithofacies Associations 
Basal Conglomerate and Grit
The lowermost lithology of the Island Block, Garvey Creek, 
comprises a 1 metre thick cobble-boulder conglomerate. It is overlain by 
15 metres of alternating pebble conglomerate and pebbly sandstone 
(Figure 6.2). The pebble conglomerates are characteristically well 
rounded, sand matrix supported, crudely stratified and exhibit thin (10 
centimetres) grit/sand intercalations. Interbedded pebbly 
sandstone/grit units are characterised by horizontal stratification 
(Sh/Gm) and large-scale cross-beds (Gp/Sp); the latter have 
heights up to 3.5 metres and pebbles concentrated parallel to and 
defining the cross-bedding grade upwards from pebble-cobble at the 
base to fine pebbly grit at the top (Figure 6.3B). Sharp planar 
contacts characterise the upward transition from grit or pebbly grit to 
thin interbeds of carbonaceous mudstone (0.3-1.0 metres; Figure 6.3A) 
and in at least one instance a mudstone unit conforms with an 
underlying erosion surface (also Figure 6.3A).
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The basal conglomerates are highly quartzose. Lithologies and 
estimated proportions in parenthesis in the basal pebble conglomerate 
are as follows: quartzarenite (80%), quartz vein (5%), weathered 
argillite (10%), fresh argillite (5%). Trace amounts of weathered granite 
also occur. There is an upward increase in the proportion of quartz vein 
clasts.
Sandstone/Grit
Thick very coarse sandstone/grit units only occur in the 
Boatmans Creek/Capleston area where they overlie basal conglomerates 
(Figure 6.7; cf-, the Buller Coalfield where they comprise the 
dominant lithofacies association). Characteristic features are 
horizontal stratification, trough cross-stratification (0.5-0.7 metres) 
and thin pebble lenses. The essential feature in common with the 
sandstone/grit associations of the Buller Coalfield is the rare occurence 
of thin fine sandstone, mudstone and coal beds separated by thick 
intervals (up to and greater than 30 metres) of sandstone/grit. Differences 
include the high proportion of horizontally stratified pebbly grits of 
Capleston and the presence of very large-scale cross-beds in the 
Buller Coalfield.
Alternating Sandstone and Mudstone, and Thin Coal
Interbeds of mudstone (Fm, FI) and fine sandstone (Sh, Sr; Plate 
IXa) up to two metres thick, and thin, often muddy, coal seams (0.1 -0.5 
metres thick) comprise most of the section above the thick basal coal 
seam at both the Island Block (Garvey Creek, Figure 6.4A) and the New 
Mulken Mine (Reefton, Figure 6.8).
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Medium to coarse sandstone units with trough cross-stratification 
may also occur; they are associated with upward coarsening followed by 
upward fining (Figure 6.4).
An 8 metre thick sandstone unit near the lower part of the Island 
Block succession exhibits epsilon cross-stratification. The presence of 
low-angle cross-stratification is indicated by micaceous laminae that 
thicken upwards. The inclined units fine upward from coarse to medium 
sandstone (Sh; St height 0.1-0.25 metres, Plate IXb) to fine sandstone, 
rootlet bearing silty fine sandstone and mudstone (Figure 6.5, bottom 
right of Plate Ih).
Sandstone lithologies are dominated by quartz grains but also 
contain lithic grains and minor feldspar.
Leaf impressions and large phytoclasts are locally abundant in the 
mudstone units.
Rootlets occur in many of the fine-coarse sandstone lithologies. 
Freshwater mussels (Hyradella) occur in the massive grey mudstone. 
The uppermost thin coal in the Island Block section (Figure 6.4) is 
overlain by an extensively bioturbated carbonaceous silty fine 
sandstone (Kaiata Formation) with thin intercalations of very coarse 
sandstone near the base.
Bioturbated Sandstone and Mudstone, Minor Thin Coal and 
Conglomerate (Kaiata Formation)
On the access road to Garvey Creek, the uppermost thin coal seam of 
the alternating sandstone-mudstone sequences (Brunner Coal 
Measures), exhibits sand-infilled burrows (Figure 6.4B). The 
overlying succession comprises repeated cycles of massive dark brown
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siltstone (characteristic of the Kaiata Formation) grading upwards into 
massive, bioturbate coarse sandstone. Very thin interbeds of muddy 
coal (0.2 metres) also occur. Marine fossils have been found in the 
siltstones in the nearby Hut Stream (Suggate 1957). Apart from the 
bioturbation, the presence of marine fossils and the change in physical 
appearance of the mudstone, this (association) bears general 
resemblance to those of the alternating sandstone and mudstone 
association described above. The mudstone of this association has a 
distinctive dark brown colour, a high silt content, and plant debris is 
finely comminuted (cf. the grey mudstones of the above association which 
are predominantly claystones and have large often intact 
phytoclasts). The association was not observed in the several sections 
examined in the Reefton area where exposure of the upper part of the 
Brunner Coal Measures is poor.
Depositional Environment and Major Facies Relationships
Sequences in both the Reefton and Garvey Creek Coalfields 
represent a range of depositional environments. Lateral facies 
changes largely reflect proximal to distal changes, local variation in 
sediment supply and subsidence. Subsidence patterns have also largely 
determined coal occurrence and seam geometry.
Basal conglomerates and grit-dominated sequences are interpreted 
as proximal alluvial plain sediments. Whilst some details of 
cross-beds and channel fills were recorded at the entrance to the 
Island Block Opencast, it is not known how representative these are 
and, without more detailed study, there is also uncertainty as to their 
interpretation. Thickness variation in the basal conglomerates may 
reflect either infilling of an inherited topography, syn-depositional 
faulting or both.
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The thick basal seam in both the Reefton and Garvey Creek 
Coalfields is interpreted as an alluvial plain backswamp deposit. Its 
thickness and lateral extent, like the Buller Seam Member in the Buller 
Coalfield, reflects stabilisation of channels in one site and subsidence 
rates that did not exceed the capacity of the swamp to maintain its 
upward growth. Local splits in the Garvey Creek Coalfield represent 
temporary and local crevasse incursion. The thick conglomerate 
succession in the Boatmans Creek area (Figure 6.6) is inferred to 
represent one of the areas in which channels were stabilised and 
peat did not accumulate. Instead of simply thinning from the Reefton 
area towards Boatmans Creek (as depicted by Suggate 1957 and 
reproduced in Figure 6.6), it is possible the seam thins by splitting (Figure 
6.9). This situation is analogous to the simple splitting in the Buller 
Coalfield; Brunner sequences of intermediate thickness containing a 
thick coal seam pass laterally into areas characterised by thick grit 
sequences, rapid subsidence, and thin (or an absence of) coal seams 
(Figure 5.14).
The succession overlying the thick basal coal seam represents 
distal alluvial deltaic plain environments. The thick sandstone unit with 
epsilon cross-stratification (Island Block, Figure 6.5) is interpreted as a 
meandering stream, point-bar deposit. Thick mudstone sequences with 
minor sandstone units and thin coal seams are interpreted as 
overbank sequences. Mudstone with freshwater Hyradella represent 
floodplain lake deposits. Thin sandstone units, some with upward 
coarsening, represent crevasse channels and progradation of mouth 
bar and distributaries into shallow floodplain lakes. Upward fining from 
sandstone units represents filling of shallow distributaries. The 
presence of rootlets indicates colonisation by plants as distributaries filled 
lakes to the level of the water table. At some localities thin peat 
accumulated. In the Reefton area some of these peats were sufficiently
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thick to form mineable coals (Figure 6.6); in the Garvey Creek area 
subsidence appears to have been too rapid and numerous thin seams 
resulted (Figure 6.2). It is uncertain as to whether coarse sandstone 
units of intermedite thickness (2-4 metres) represent channels of minor 
rivers or large crevasse systems.
The decrease in proportion and thickness of coarse 
sandstone/grit units from the Coal Creek to the Reefton township area 
(Figure 6.8) represents continued localisation of the sites of most active 
channel activity in the northern (Coal Creek) part of the Reefton 
Coalfield. In contrast, upward decrease in thickness and proportion of 
coarse sandstone units in the Island Block section is open to several 
interpretations. One possibility is that the sequence represents a 
decrease in channel size in response to stream bifurcation and 
formation of numerous distributaries as the rivers approached the coast. 
The alternative is that the site of most active channel sedimentation was 
"attracted" away from the vicinity in response to more rapid 
subsidence in an adjacent area. There is no palaeocurrent data to 
support proximal to distal versus lateral fining relationships within the 
Reefton Coalfield and between the Reefton and Garvey Creek Coalfields.
Several small-scale upward coarsening cycles in association with 
intense bioturbation and dark brown siltstones with typical Kaiata 
Formation appearance (Garvey Creek, Figure 6.2B), are indicative of 
progradation of distributaries into bays. The lower deltaic plain 
sequence is inferred to have built upwards and retrogressively as 
transgression proceeded. The occurrence of a thick interbedded marine
mudstone in the Reefton area probably represents local transgression in
response to subsidence and/or diminution of sediment supply. The 
transgressive embayment was subsequently filled by prograding deltaic 
plain. The occurrence of a bioturbated thin brown mudstone in
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association with fine-grained non-marine lithologies, in the Island Block 
section (Figure 6.4A), is also indicative of local flooding by seawater prior 
to the main transgressive episode.
The pattern of relatively coarse-grained sedimentation in the 
Boatmans Creek area continued during deposition of the Kaiata 
Formation. Whilst marine mudstone accumulated near Reefton, in the 
Boatmans and Coal Creek areas, marine and non-marine 
conglomerates were deposited; a fan-delta system (cf. Hayward 1983; 
Howell and Link 1979) is envisaged (Figure 6.9).
The upper parts of the Brunner Coal Measures in the southern 
Reefton Coalfield and Garvey Creek successions differ markedly from 
those in the Buller Coalfield (and the northern part of the Reefton 
Coalfield). The southern Reefton and Garvey Creek Coalfields appear to 
have been characterised by relatively low stream gradients, a wide 
fluvio-deltaic plain, broad interfluves dominated by overbank 
processes and a sediment supply with a high proportion of fine to 
medium sand. Backswamps accumulating thick peat were separated 
from the coast by a deltaic plain with numerous distributaries (Figure 
6.9). In contrast the Buller Coalfield (Figure 5.16) appears to have been 
characterised by a relatively coarse-grained sediment supply with the 
main channel belt confined to an actively subsiding valley. High gradient 
streams did not bifurcate until very near the coast and consequently a 
deltaic plain assemblage is not developed. Thick peats accumulated in 




The Brunner Coal Measures comprise a relatively thin veneer of 
several to 100 metres of predominantly quartzose sandstone/grit that 
disconformably overlie up to 700 metres of Paparoa Coal Measures of 
Late Cretaceous-Early Paleocene age. The Brunner Coal Measures are 
extremely quartzose and this generally distinguishes them from the 
more lithic members of the underlying Paparoa Coal Measures 
(originally proposed as group name by Gage 1952 but subsequently 
relegated to formational status by Nathan 1974,1978). However, there 
are instances (outlined below) where placement of the contact is 
arbitrary and it has been suggested that at these localities, the 
succession is conformable. Both sets of coal measures were deposited 
in an axial trough with an approximate north-northeast orientation 
(Paparoa Tectonic Zone, see Chapter One). The Island Sandstone 
appears to conformably overlie the Brunner Coal Measures at the 
western margin of the basin but the relationship is probably one of 
disconformity toward the axis of the basin. The dominant structures are 
a southwest plunging anticline and a dominant north-northeast 
trending fault system (see Gage 1952; Nathan 1978b; Figure 6.10).
The Paparoa Coal Measure succession comprises seven members 
(Nathan et al. 1986) that are dominated by either thick lithic 
conglomerate, sandstone or mudstone; the sandstone dominated 
members (Morgan and Rewanui) contain mineable coal seams. The 
sequences have been interpreted as alluvial fan, axial valley and lake 
deposits (Newman 1985a,b). Isopachs of the constituent members (apart 
from the lowermost two), exhibit a distinct north-northeast to 
south-southwest trend and the formations are generally thickest toward
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the anticlinal axis (below; Figures 6.10 and 6.11). The coincidence of 
isopachs and faults with a north-northeast trend suggests faults were 
active during, and controlled sedimentation (Bowman and Newman 1983; 
Newman 1985a,b). Isopachs of the Brunner Coal Measures also 
have a north-northeast trend suggesting Brunner sedimentation was 
also controlled by fault movements (Gage 1952).
The Brunner Coal Measures generally form an arcuate band of 
outcrop that is several hundred metres wide. Inliers of small extent occur 
locally. At Mount Davy a continuous outcrop has a lateral extent of 
several kilometres. The distribution of outcrop largely reflects a 
south-southwest plunging anticline (Figure 6.10). Much of the surface 
Brunner Coal Measures occur in the bush-clad lowermost slopes of the 
Paparoa Range. The best exposures occur in the more elevated areas 
where there are steep escarpments or prominent ridges (Mount Davy, 
Sewell Peak, Trigs C and K) or in the coastal cliffs (Nine Mile Beach; 
Figure 6.10).
The upper and lower contacts of the Brunner Coal Measures are not 
always easily discernible. In those instances where conglomerate that is 
entirely quartzose overlies conglomerate dominated by lithic clasts 
(greater than 90%), the contact between the Brunner Coal Measures 
and the underlying Dunollie Member is easily recognised (Figure 6.12). 
However at some localities the upper Dunollie Member exhibits an 
upward increase in the proportion of quartz clasts. Some thin fine 
pebble conglomerate units, interbedded with coarse, lithic conglomerate 
units, are very quartzose and contain up to 95% quartz clasts.
However they never attain the quartzose composition of the Brunner 
Coal Measures which contains 99-100% quartz. Sandstone/grit units of 
the upper Dunollie Member are also very quartzose and, in those 
instances where the Brunner conglomerate is not present, placement of
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the contact between the Brunner Coal Measures and upper Dunollie 
Member may be difficult. Fine-grained lithologies of the Dunollie Member 
are characterised by massive greyish-white, rootlet-bearing, sometimes 
sideritic siltstone; these units are distinctive in the field. Locally the 
uppermost sandstone unit of the Dunollie Member is massive and 
burrowed or siliceous in appearance; however similar features have 
been recorded in the Brunner Coal Measures by Newman (1985a,b) in 
the Sewell Peak vicinity.
The transition from the Brunner Coal Measures to the Island 
Sandstone is generally abrupt and marked by a distinctive change in 
lithology. The Island Sandstone, in contrast to the underlying 
Brunner Coal Measures, comprises thin, generally tabular beds of 
fine-grained sandstone which is locally burrowed and glauconitic 
(details below). One or several thin coal seams (less than 20 
centimetres) may be locally present. At Spring Creek Road, the top of the 
Brunner Coal Measures contain a coal seam that is up to six metres 
thick (Figures 6.12 and 6.14). At Sewell Peak a thick Brunner Seam is 
not present but the Island Sandstone contains a seam that locally is 
nearly one and a half metres thick (column VI, Figures 6.12 and 6.15).
On the basis of the presence of this seam (near column V and about 
one kilometre south of column VI, Figures 6.12 and 6.15), Newman 
(1985a,b) has included about five to ten metres of section with Island 
Sandstone affinities, in the Brunner Coal Measures. As there is a 
considerable difference in age of adjacent and successive units (Figure 
6.12), this version of the stratigraphy creates a local occurrence of an 
upper and lower Brunner Coal Measures of contrasting lithological 
characteristics separated by an unconformity.
Recent efforts by Newman (1985a,b) and Raine (1984) have yielded 
palynological ages which indicate the stratigraphy of the Brunner Coal
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Measures in the Greymouth Coalfield reflects a complex history of 
local subsidence. The palynostratigraphy of sections in marginal (Nine 
Mile Beach) and axial parts of the Brunner Basin (Spring Creek Road 
and Sewell Peak) parts of the Brunner Basin are illustrated in Figure 
6.12. Whilst the Brunner and underlying Dunollie Formation have the 
same palynological age, the removal of all lithic clasts necessitates a 
long-standing break in deposition. Palynological age determinations 
suggest that in the Spring Creek Road and Sewell Peak sections there is 
a disconformity between the Island Sandstone and the Brunner Coal 
Measures.
At Sewell Peak, the MH1 zone (about eight million years), is not 
present whereas at Spring Creek Road it would appear that only the 
earliest part of the MH1 zone is represented (Figure 6.12). At Nine Mile 
Beach, the Brunner Coal Measures are considerably younger (MH2 
zone) than in the central part of the coalfield and rest unconformably on 
the Dunollie Formation; the Early Eocene is not represented. The 
overlying Island Sandstone rests conformably on the Brunner Coal 
Measures (cf. axial part of basin, above).
A single thick coal seam (one to three metres) is present near the 
top of many Brunner sections. At present Brunner coal is not being 
mined in the Greymouth area. The most recent venture was a small 
opencast mine at Trig C, where a five metre seam occurred as part of 
a small outlier capped by Island Sandstone; the opencast operation 
has entirely removed this exposure. Prior to 1944 more than half of the 
total production for the Greymouth area was from Brunner seams (Gage 
1952). Recent drilling exploration programmes in the 
Runanga-Rapahoe region with Paparoa seam targets have encountered 
a Brunner seam with estimated reserves of about 50 million tonnes, of 




Basal Brunner conglomerates are extremely quartzose comprising 
98-100% vein quartz. The conglomerates are seldom more than one 
metre thick or have clasts greater than fine pebble size. They are well 
sorted with high sphericity, clast-supported, in some instances 
contain little or no sand matrix and are generally massive (Gm, 
although in at least one instance cross-bedded facies Gp was recorded; 
Trig C, Figure 6.14). They represent the basal component of a 
sandstone/grit channel sequence.
Sandstone/Grit
Thick sequences of the Brunner Coal Measures (Mount Davy-Sewell 
Peak), are comprised predominantly of quartzose coarse sandstone/grit. 
Some grit is pebbly and thin lenses of conglomerate may occur. The 
predominant structures are trough cross-stratification, horizontal 
stratification and scour and fill structures (St, Sh, Ss). The height of 
foresets in cross-beds is commonly 0.2-0.4 metres but may be up to 
1.5-3.0. Mudstone is extremely rare and is generally only present at the 
transition to a coal seam. Major erosional surfaces are difficult to 
distinguish from coalesced minor scour surfaces. Overall sequences 
resemble the amalgamated grit dominated successions of the Buller 
Coalfield. Fifty two paleocurrent measurements from thirteen localities in 
the Spring Creek Road and Sewell Peak-Mount Davy vicinities 
suggest a preferred southwest transport direction (Figure 6.16).
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Basal Island Sandstone
In the Spring Creek Road vicinity the basallsland Sandstone 
comprises a sequence of laminated and massive silty fine sandstone 
units and a thin coal seam (Figure 6.14). The laminated units exhibit 
horizontal stratification, trough and planar cross-beds, small-scale 
ripples and thin silty drapes that impart wavy and flaser bedding 
characteristics. Some laminated units infill scours. These are 
generally broad and shallow but in one instance a steep-sided scour 
lined with a silty drape was recorded (Plate IXc). Planar cross-beds 
exhibit thick silty laminae (Figure IXc). Massive silty fine sandstone 
units are intensely bioturbated; burrows comprise mostly horizontal 
tubes of five to ten millimetres diameter. Burrows also extend into the 
underlying Brunner Seam (Plate IXd). Rootlets are present in the fine 
sandstone underlying the thin coal. Glauconite is present in the upper 
part of the unit. Unlike the Millerton Sandstone (Buller Coalfield), upward 
coarsening cycles are not present.
In the Sewell Peak vicinity (Figure 6.15), a one metre coal seam is 
underlain by a dark brown very fine sandstone to siltstone; in outcrop it 
resembles siltstone units of the Kaiata Formation (cf. dark grey 
mudstones of the Brunner Coal Measures). Fine sandstone units often 
appear massive (this is not due to bioturbation) and poorly developed 
horizontal to sub-horizontal parting is associated with horizontal 
lamination and small-scale ripples. Thin pebbly sandstones are present 
in the upper part of the measured section (Figure 6.15). A sandstone 
unit above the coal exhibits cross-bedding in which successive foreset 
directions have a difference of about 180 (Figure 6.15). Marine 
bivalves occur in thick massive bioturbate sandstones overlying the 
section in Figure 6.15.
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Depositional Setting
The Greymouth area was characterised by still-stand prior to and 
following deposition of the Brunner Coal Measures. Although the upper 
Dunollie 'Formation and Brunner Coal Measures have the same 
palynological age, the period required for the entire removal of lithic 
clasts must have been substantial (perhaps several millions of years). 
Peneplain conditions and extensive chemical weathering are inferred to 
have prevailed. Local subsidence began in the central area (Spring 
Creek Road, Sewell Peak) and then ceased whilst the western margin 
remained static throughout the same interval. At the onset of regional 
transgression, thin Brunner Coal Measures accumulated in the western 
margin whilst nearshore facies of the Island Sandstone accumulated in 
the central part of the coalfield (Figure 6.13).
In the central part of the Greymouth Coalfield thick amalgamated 
coarse sandstone/grit dominated units with large-scale cross-beds 
resemble sequences in the Buller Coalfield. On this basis they are 
inferred to have been large low sinuosity rivers. Limited 
palaeocurrent data (Figure 6.16) suggests the streams flowed 
southwestwards. The general association of thin coal, bioturbation, 
marine fossils and glauconite in the Island Sandstone indicates a 
near-shore environment. Whilst the details of lithofacies and their 
succession differ, the Spring Creek Road and Sewell Peak section are 
collectively indicative of a micro- to meso-tidal transgressive setting; 
the thickness of their successions suggest a component of vertical 
aggradation superposed on general transgression.
The Sewell Peak sections are interpreted as washover, lagoon, 
marsh and tidal-delta deposits. Thin horizontal laminated sandstone 
units (e.g. at 1-5 metres column V, Figure 6.15) are interpreted as
150
washover deposits. The origin of thicker units with similar internal 
structures is uncertain; it is possible they represent a succession of 
broad overlapping washover deposits. The dark brown siltstone (12-16 
metres, column VI, Figure 6.15) is interpreted as a lagoonal deposit; 
the overlying coal is unusually thick for the Island Sandstone and 
probably represents the filling of a lagoon by peat. Sandstone with 
opposed palaeocurrent directions are inferred to represent flood tidal 
delta deposits (20 metres, column VI, Figure 6.15). Pebbly coarse 
sandstone units are interpreted as surf zone transgressive lags 
associated with ravinement; the overlying bioturbated fine sandstone 
represents the middle shoreface.
The succession at Spring Creek Road is interpreted as a 
tidal-estuarine succession on the landward side of a barrier. The 
absence of lagoonal mud reflects the continuous influx of sand from a 
fluvial input. The presence of flaser and wavy bedding and silty drapes 
on cross-beds represent periods of slack water; these features are 
indicative of a tidal setting (see Hobday et al. 1979; Breyer 1987). An 
absence of upward fining, very clean sands and coarse lags reflects the 
lack of distinct channelisation associated with a macro-tidal setting. 
Bioturbate muddy fine sands, particularly those in association with 
units exhibiting cross-bedding and flaser structures (10-15 metres, LHS, 
Figure 6.14), might represent either estuarine channel deposits or distal 
washover or sandflats, on the landward side of a barrier, which have been 





Between Charleston and 10 kilometres to the south at Woodpecker 
Bay, the Brunner Coal Measures generally comprise 6-20 metres of 
sandstone, mudstone and a coal seam of several metres thickness 
(Figure 6.17). At Charleston, the Brunner Coal Measures are about 70 
metres thick and the coal seam is 10-12 metres thick (Penseler 1931 ). 
Two kilometres north of this locality, the Brunner Coal Measures are 
locally absent (Nathan 1975). The Brunner Coal Measures rest on 
extremely weathered and often completely kaolinised granites and 
gneisses of the Charleston Metamorphic Group. They are overlain by 
either the Little Totara Sand, or mudstone of the Kaiata Formation; 
these units are intercalated and grade laterally into each other 
(Nathan 1975).
The Tertiary succession in the Charleston area dips gently 
eastward and as a result the Brunner Coal Measures form an 
approximately north-south outcrop of several hundred metres width. 
Several sections are reasonably well exposed along creek beds and 
roadcuts between Charleston and Woodpecker Bay (Figure 6.17).
The largest reserve of coal occurs at Darkies Terrace, 
Charleston, where the seam is locally up to 12 metres thick (Figure 
6.18). Total reserves comprise about nine million tonnes. South of 
Darkies Terrace, the seam seldom exceeds three metres thickness and 
may locally split (Figure 6.20). Total reserves, estimated from limited 
prospecting near the Westport-Greymouth highway comrpise about two 
million tonnes (Nathan 1975). The region east of Darkies Terrace, 
Charleston and east of the Westport-Greymouth highway further south,
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remains unexplored. There are few incentives to prospect whilst the 
relatively accessible Darkies Terrace coal is unmined.
Mining has been on a very small scale supplying the Westport 
domestic market. This is largely due to the low rank of the coal 
(sub-bituminous C) and the very high sulphur content (5-7%).
Lithofacies
The dominant lithofacies association between basement gneiss and 
the coal seam comprises upward fining cycles of sandstone and 
mudstone of one to two metres thickness (Figure 6.19). The 
succession comprises grit, coarse to fine sandstone with abundant 
micaceous and carbonaceous detritus (disseminated or concentrated in 
laminae) and mudstone. The coarse to fine sandstone units exhibit 
trough cross-stratification and scour and fill structures. Both mudstone 
and the uppermost parts of fine sandstone units may exhibit rootlets in 
places. Thin coal seams, several centimetres in thickness, are locally 
present (Figure 6.19). Grit units are rarely thicker than one metre but 
those that are, often exhibit large-scale cross-beds (Figure 6.20A, Plate 
IXf). From openhole and limited core drilling in the Charleston area 
(drillholes on Darkies Terrace, D.T.1 to D.T.6, Figure 6.18), it would 
appear that the interval between the coal seam and the Little Totara 
Sand is dominated by alternating muddy fine sandstone and micaceous 
mudstone. Locally in the Charleston area, the interval is dominated by 
micaceous mudstone (D.T.3,6, Figure 6.18). The contact with the 
overlying Little Totara Sand is sharp.
Several sections exposed in roadcuts in the Charleston area 
exhibit a variety of structures that indicate syn-depositional
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compaction of peat and mudstone. Similar features and mechanisms 
have been described from the Buller Coalfield (see Chapter Three).
Near the Hillside Opencast, part of the succession, as indicated by 
two prominent mudstone beds, dips at high angles to the almost 
horizontally dipping and underlying thick coal seam (Figure 6.20B). The 
bedding features are probably due to migration of the site of peat 
compaction. A small fault affecting only several metres of the 
succession is probably due to compaction in the underlying coal.
Depositional Setting
Thickness variation of the Brunner Coal Measures at Charleston may 
reflect a previously incised topography or local syn-tectonic 
subsidence. The occurrence of thickest coal and the thickest clastic 
succession underlying and overlying the coal at Charleston (Darkies 
Terrace) suggests this was a site of relatively rapid tectonic 
subsidence. It may be analogous to the thickening of the coal and 
overlying clastic split in the Webb/Baynes area, Buller Coalfield. 
However, without laterally tracing the contacts of the various units from 
Charleston to the area further south where Brunner Coal Measure 
succession is relatively thin, this cannot be as conclusively 
demonstrated as in the Webb/Baynes area.
The thin upward fining cycles are interpreted as channel 
deposits. Their thickness suggests many of the streams were shallow. 
The poor sorting and high silt, mica and carbonaceous content of 
sandstone indicates the streams were of low energy and relatively 
short (cf. the textural maturity in the Buller, Greymouth and other 
coalfields where better sorting indicates transportation by rivers of higher 
energy over longer distances). The absence of basal
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conglomerates also indicates a low energy transportation system during 
the earliest phase of accumulation. Collectively, these features 
suggest that in the Charleston area, sedimentation began in a coastal 
plain setting (cf. the Buller Coalfield where the succession records an 
earliest phase of accumulation in a proximal coarse-grained braided 
stream system).
There are insufficient details of the uppermost Brunner Coal 
Measures and lowermost Little Totara Sand to assess the depositional 
setting of the Brunner coastal plain at Charleston.
FLETCHER CREEK, INANGAHUA VALLEY
In the vicinity of Fletcher Creek (15 kilometres north of Reefton, 
Figure 6.21), the Brunner Coal Measures range in thickness from zero 
to about 80 metres. This thickness variation occurs over lateral 
distances of one to several kilometres. The Brunner Coal Measures 
rest unconformably on granite or Hawks Crag Breccia. They are 
conformably overlain by the Courtney Limestone Member, an algal 
limestone at the base of the Kaiata Formation. The remainder of the 
succession comprises marine mudstones, sandstones and limestone 
(Rapahoe, Nile and Blue Bottom Groups) of Late Eocene to Miocene age 
and the Rotokohu Coal Measures of Late Miocene to Early Pliocene age 
(Suggate and Wellman 1949; Nathan 1978a).
The lower to middle Tertiary succession at Fletcher Creek 
comprises a simple southwestward dipping limb of the Inangahua 
Syncline (Nathan 1978a); discontinuous exposures occur in creek beds 
of the densely forested western flanks of the Paparoa Range along a 
northeast-southwest strike for several kilometres.
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Four coal seams occur in the Brunner succession near Burleys 
Opencast (Morris Mine); the second seam from the top is currently 
mined by opencast methods. The roof of both the top and third seams 
exhibit numerous burrows. An extensively bioturbate sandstone 
containing marine microfossils occurs between the second and third 
seams (Figure 6.22).
The coal is of sub-bituminous C to high volatile bituminous A rank 
and very high in sulphur (4-6%). The highest sulphur occurs in the 
uppermost and third seams, both are below marine lithologies. Nathan 
(unpublished report, 1975) has noted that the calorific values (d.m.m.s.f.) 
are higher in the high sulphur coals and concluded that sulphur has 
contributed to the calorific value.
There is insufficient field evidence to determine whether basement 
relief associated with thickness variation in the Brunner Coal Measures 
is of palaeo-topographic or syn-tectonic origin.
Similarly, field exposures are so poor that little can be inferred 
about depositional environments. The occurence of a six metre thick 
seam near the top of the sequence, overlying and in close proximity to 
marine lithologies is not understood. As such thick coals are usually 
associated with a backswamp setting (e.g. Reefton, Buller Coalfields) it 
can only be inferred that several metres of section not exposed, 
records a phase of progradation. The depositional setting would 
appear to be very different to the Reefton-Garvey Creek setting 
where very thin interdistributary lower deltaic plain coals are associated 
with marine lithologies.
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NEW CREEK COALFIELD, BULLER GORGE
North of Inangahua Junction and the Buller River (Figure 6.21), the 
Brunner Coal Measures are thin and of local occurrence (Nathan 1978). 
There are two small opencast mines in the vicinity of Pensini Creek 
(Duncan and Manlys Mine, Hassans Mine). A single coal seam of 
sub-bituminous rank rests on or close to basement and is overlain by 
mudstone of the Kaiata Formation. Two hundred metres from Hassans 
Mine, the Kaiata Formation rests directly on basement (Figure 6.23). It is 
easily conceivable that the local occurrence of the Brunner Coal 
Measures and minor thickness variation is due entirely to 
paleo-topographic basement relief.
GARIBALDI RIDGE, KARAMEA RIVER (SOUTHWEST NELSON) 
Geology
One hundred and sixty metres of Brunner Coal Measures occur at 
the base of a 1600 metre thick Tertiary outlier near Mount Garibaldi, 23 
kilometres inland from the township of Karamea (Figure 1.1). The outlier 
is approximately 50 square kilometres in extent (Figure 6.24). It 
comprises a gently plunging syncline with gently dipping limbs along 
the crest of Garibaldi Ridge. Garibaldi Ridge encompasses two 
prominent peaks. These are Pyramid (1625 metres, hereafter referred to 
as Pyramid Peak) and Sandy Peak (1505 metres). The area is remote 
and extremely rugged. Two sections were measured during a two day 
excursion to the Garibaldi Ridge area (informal report by Andrews,
Leask and Titheridge 1979). A measured section west of Pyramid Peak 
forms the basis of the outline on the Brunner Coal Measures.
The Brunner Coal Measures rest unconformably on granite and 
granodiorite. They are conformably overlain by a thick succession
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comprising the Silvermine Sandstone, Garibaldi Sandstone (new 
formations), and the Matin Formation (Figure 6.25). The contact 
between the Brunner Coal Measures and the overlying Silvermine 
Sandstone is gradational and characterised by thin interbeds of 
bioturbate dark brown siltstone that typifies the Kaiata Formation 
throughout Westland. The bulk of the Silvermine Sandstone differs 
markedly from the Brunner Coal Measures in that it contains 
thick-bedded sandstone units with a different association of 
sedimentary structures and some beds are glauconitic and intensely 
bioturbated. The Brunner Coal Measures thin over a distance of about 
two and a half kilometres, from 160 metres at Pyramid Peak, to about 80 
metres in a section in Silvermine Creek (Figure 6.25).
The general stratigraphy and characteristic sedimentological 
features of the Silvermine Sandstone were recorded in bluffs 
overlooking the middle reaches of Silvermine Creek (Figures 6.24 and 
6.25). With a pre-scheduled helicopter departure and several 
kilometres of difficult terrain between this site and base camp, only 
several hours were available for geological work. The Silvermine 
Sandstone sequence is dominated by sandstone/grit lithologies that are 
very different to those in other sequences that conformably overlie the 
Brunner Coal Measures. It is a certain that detailed 
sedimentological studies on both the Silvermine Sandstone and the 
overlying Garibaldi Sandstone, will add to the reconstruction of the 
history of basin development in the North Westland-South Nelson area. 
The sketchiness of data to hand raises more questions than provides 
even tentative answers.
Coal seams in the Brunner Coal Measures are numerous but very 
thin (maximum thickness 38 centimetres, most less than 10
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centimetres). They are high in sulphur (3-4%, informal report by Leask 
and Richards 1978) and of high volatile bituminous rank (Romax 0.75%).
Lithofacies
Basal Conglomerate and Grit (Brunner Coal Measures)
Thirteen metres of massive pebble/boulder conglomerate locally 
occur at the base of the Brunner Coal Measures (Figure 6.26). Clasts 
are supported by a sandstone/grit matrix and comprise subequal 
proportions of granodiorite and quartzite. Quartz vein, schistose and 
biotite granite clasts form minor proportions.
The succeeding 16 metre thick arkosic grit is characterised by the 
facies St, Ss and Sh. The unit also contains sparse thin (two to ten 
centimetres) discontinuous and laminated interbeds of micaceous 
coarse to medium sandstone units; mudstone is absent (cf. association 
below).
Alternating Sandstone/Grit, Mudstone and Thin Coal (Brunner Coal 
Measures)
Alternating sandstone/grit, mudstone and thin muddy coal seams 
characterise about 90 metres of the section at Pyramid Peak (Figure 
6.26). Sandstone/grit units are generally about 0.5-2 metres thick. Apart 
from scours indicated by silty to fine sandstone linings, and some 
trough cross-beds, they generally appear massive. In some 
instances, sequences exhibit upward fining from sandstone/grit to 
ripple laminated and muddy coarse sandstone (with the latter often 
containing abundant rootlets) and thence to thin carbonaceous mudstone 
and thin coal (Figure 6.27). In other instances mudstone units rest 
directly on grit. These mudstone units often exhibit abundant
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rootlets. Both sandstone/grit and mudstone units are distinctly 
tabular. Toward the top of the Pyramid Peak section a dark brown 
bioturbated siltstone (1.5 metres) is interbedded with grey 
carbonaceous mudstone (3 metres; at 120 metres on Figure 6.26).
Silvermine Sandstone (New Formation)
The Silvermine Sandstone ranges from zero to three hundred 
metres thick in the Garibaldi Ridge area (Figure 5.25). It is 
characterised by thick, intensely bioturbated, often massive units and 
thick, evenly bedded units with internal stratification (Figure 6.28). The 
catchment draining the southern side of Pyramid Peak into the 
Silvermine Stream is designated as the type area and the section 
illustrated in Figure 6.28, the type section. The contact with the 
underlying Brunner Coal Measures is gradational whilst the contact with 
the overlying Garibaldi Sandstone (new formation) is sharp. The 
Silvermine Sandstone is not present at the Karamea River opposite 
Kakapo Spur (Figures 6.24, 6.25). Its distribution may be entirely 
restricted to parts of the Garibaldi Ridge outlier.
Fine to medium bioturbated units have high amounts of 
carbonaceous and micaceous detritus and in some cases thin mudstone 
interbeds or drapes of centimetre scale. In one unit (about 260 
metres on Figure 6.28) five ichnogenera including Ophiomorpha were 
recognised. Two units contain glauconite. Rootlets are present in one 
of the uppermost units (about 350-370 metres on Figure 6.28). 
Dinoflagellates were obtained from one sample near the base of the 
succession (M27/f 106, Andrews, Leaskand Titheridge 1979).
Thick evenly bedded units are dominated by massive to horizontal 
stratification. Coarse to very coarse sand units up to two metres thick
160
and with slightly irregular bases are generally massive but may exhibit 
sub-horizontal lamination and parting toward the top. Medium to coarse 
sandstone exhibits a faintly discernible horizontal lamination and 
occasional small scours. Horizontal stratification is distinct in fine 
sandstone. Medium to coarse sandstone units grade into fine 
sandstone; cycles are in the order of half to one metre thickness. 
Bioturbation is absent or rare; massiveness in the relatively 
coarse-grained units is a primary depositional feature. In the upper part 
of the Silvermine Sandstone massive to horizontally laminated units are 
interbedded with large-scale cross-beds (2-4 metres, Figure 6.28).
Near the top of the Silvermine Sandstone (about 270 metres on 
Figure 6.28 and Plate If) a coarse sandstone unit exhibits very 
large-scale cross-stratification. The cross-bedding is 15 metres in height 
and laterally persistent for at least several hundred metres. It is not 
known whether the unit is channelised. The cross-beds are inclined at 
an angle of about 15 degrees. They comprise coarse sandstone 
beds 0.2-2.0 metres thick that grade upwards into thin interbeds of 
micaceous fine sandstone up to ten centimetres thick. Some beds thin 
and lense out toward the base of the unit. No directional features 
that would indicate whether flow was coincident with, or perpendicular 
to the major cross-bedding direction were observed. Cross-beds of 
similar scale have been described by several authors from very large 
delta distributary channels (Collinson and Banks 1975; McCabe 1977; 
Hopkins 1985) and from shelf sand-waves (Nio 1976).
Garibaldi Sandstone (New Formation)
The Garibaldi Sandstone is dominated by sandstones that form a 
succession of bluffs and ledges in the vicinity, and west of, Pyramid Peak 
(Plate le, Figure 6.24). At the type section near Pyramid Peak (vicinity of
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S12 / 812340), the Garibaldi Sandstone is nearly six hundred metres 
thick and exhibits overall upward fining. The basal part of the 
succession comprises massive coarse sandstone and grits with lenses 
of granite breccia or isolated granite boulders. The middle part of the 
succession is characterised by graded, massive to laminated sandstone 
and the upper part of the succession by alternating graded 
calcareous sandstone and calcisiltite cycles (cycles are in the order of 
one metre thickness). 'Six kilometres to the northeast, near the 
Karamea River (Figures 6.24 and 6.25), the Garibaldi Sandstone is about 
70 metres thick and is comprised entirely of graded sandstone 
interbedded with calcisiltite.
The base of the Garibaldi Sandstone is sharp and the unit overlies 
a distinctive glauconite-rich unit of the Silvermine Sandstone. (The 
Garibaldi Sandstone as originally described and informally defined in 
the unpublished report by Andrews, Leask and Titheridge 1979, also 
included what is now the Silvermine Sandstone; see Figure 6.25). The 
top of the Garibaldi Sandstone is gradational with the Matiri 
Formation which comprises foraminiferal calcisiltites.
Depositional Setting
Lateral changes in thickness are of similar order to the Buller 
Coalfield where fault controlled differential subsidence has been 
inferred from a detailed knowledge of isopachs and their relationship to 
faults.
The basal conglomerate and thick sandstone/grit unit in the 
Brunner Coal Measures are interpreted as proximal alluvial valley 
deposits. The bulk of the Brunner sequence, often comprising small 
upward fining cycles, is interpreted as coastal plain, channel to
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overbank cycles. There is no palaeocurrent data to give an 
unambiguous indication of sinuosity (or direction of palaeoflow). 
However the tabular nature of both channel and overbank sediments 
suggests the streams were meandering; the thickness of the cycles 
indicates a two to three metre maximum depth of the streams. The 
abrupt transition from coarse channel lithologies to overbank mudstone in 
some cycles may reflect the lack of size differentiation on point bars as 
a consequence of the streams being so shallow. Compared with many 
Brunner sequences, the Pyramid Peak section is relatively thick and 
fluvial style remains unchanged over a large vertical distance. This 
suggests relatively rapid subsidence with constancy in sediment and 
water discharge from the catchment areas. The occurrence of thin and 
numerous coal seams (and overbank lithologies in general), may be due 
to relatively rapid subsidence in combination with a high frequency 
of traverses of the coastal plain by the river(s). A coastal plain with 
a narrow valley would contribute to a high frequency of traverses but 
the western extent of the valley can never be known. More details of 
the uppermost Brunner Coal Measures and lower Silvermine Sandstone 
are required to elucidate the most distal part of the fluvial realm. The 
dark brown mudstones suggest coastal floodplain lakes were inundated 
with seawater prior to the main transgression.
If subsequent studies confirm that the sandstone units of the 
Silvermine Sandstone are deltaic distributaries then this has several 
implications. The scale of some cross-beds in the uppermost part of the 
Silvermine Sandstone indicate that the size of the rivers must have 
been very much greater than any of the rivers that traversed and built the 
Brunner alluvial plain. This in turn indicates that rivers of the Garibaldi 
Ridge area either’'captured" a greater proportion of run-off and/or that 
there was a signficant local change in precipitation pattern. With an 
increase in sediment delivered to coastal areas, and relatively rapid
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subsidence, transgressive encroachment of the sea was offset and 
vertical aggradation resulted in the accumulation of 260 metres of 
distributary channel and delta front sediments (cf. the 0-30 metre 
sequence of the analogous Millerton Sandstone in the Buller Coalfield).
SUMMARY AND COMPARISON WITH THE BULLER COALFIELD
In the Reefton-Garvey Creek, Greymouth and other coalfields, the 
Brunner Coal Measures exhibit both similarities and differences to 
those in the Buller Coalfield. A comparison of total thickness, 
conglomerate, sandstone, mudstone and coal characteristics are 
presented in Table 6-1. These reflect differences in subsidence 
history and the nature of alluvial plain and coastal environments, and the 
depositional context of peat accumulation (Table 6-2).
The Buller, Charleston and Reefton-Garvey Creek Coalfields all 
exhibit locally thick successions that are up to or exceed twice the local 
average total thickness. All would appear to be due to tectonic 
subsidence and in the Buller Coalfield, this can be attributed to 
syn-depositional faulting with certainty. In these same areas tectonic 
subsidence has also been the major influence on the thickness and 
splitting of coal seams. In contrast, where the Brunner Coal Measures 
are thin (e.g. New Creek), palaeo-topography was probably the dominant 
factor influencing both total and coal seam thickness.
Alluvial plain environments of the Brunner Coal Measures, as 
represented by the type and abundance of lithofacies, exhibit 
considerable variation. At one extreme, alluvial systems in the Buller 
region, comprised gravelly braided streams whilst their more distal 
successors/counterparts comprised sandy braided to meandering 
systems that discharged into the sea. At the other extreme there was
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little proximal to distal differentiation and narrow coastal plains were 
characterised by low energy streams (e.g. Charleston).
The preservation of mudstone units of overbank origin varies 
considerably. Mudstone units are rare in many parts of the Buller 
succession; this reflects the prevalence of high energy braided 
streams and the frequency with which they traversed the alluvial plain. 
In contrast, in the Reefton-Garvey Creek area, meandering stream 
systems are associated with the occurrence of numerous and relatively 
thick mudstone beds. This variation in character of alluvial 
lithologies must ultimately reflect variation in characteristics of the 
drainage basins, namely sediment supply, discharge of rivers and 
subsidence.
The variety of lithofacies in the .uppermost Brunner Coal 
Measures and lowermost Rapahoe Group indicate a range of coastal plain 
and contiguous marginal marine environments (Table 6.2). Sandstone 
units above the Brunner Coal Measures represent barrier/lagoonal or 
"estuarine" systems (e.g. Greymouth). In other instances rivers 
discharged into coastal lakes where they built small sub-deltas (e.g. 
southern part of the Buller Coalfield) or the sea, where they 
temporarily and locally offset transgression (Buller Coalfield). In the 
Reefton and Fletcher Creek areas (and at Garibaldi Ridge), there were 
local episodes of progradation (or vertical aggradation) of deltaic 
facies. Some areas remained topographically high until near the onset 
of transgression. Alluvial or coastal plains were not developed and 
shelf muds (Kaiata Formation) were deposited directly on thin Brunner 
Coal Measures (often peat) or in some instances, basement (parts of the 
Buller Coalfield in the vicinity of Seddonville; New Creek).
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Thick coal seams in both the Buller and other coalfields 
represent backswamp peats. Their relationship to major channel 
systems is indicated by their relationship to immediately underlying 
channel sandstone and the dominance of sandstone/grit in 
interseam-split lithologies. Thin coal seams represent peats that 
accumulated in a variety of settings (Table 6.2). These include 
inter-distributary areas of rivers or crevasse channels discharging into 
coastal lakes (e.g. southern part of Buller Coalfield), overbank areas of 
fluvio-deltaic plain (Reefton-Garvey Creek) and back barrier marshes 
(Island Sandstone, Greymouth).
The variation in quartz content in both conglomerate and 
sandstone reflects their source(s) and the extent to which chemical 
weathering has removed the less stable grains. In the Greymouth 
Coalfield the extremely quartzose lithologies must in large part reflect 
prolonged chemical weathering and reworking. In contrast the 
abundance of feldspar at Garibaldi Ridge indicates less severe 
weathering and/or reworking. Subfeldsarenite composition (e.g. Buller 
Coalfield) may reflect intermediate weathering/reworking or the mixing of 
very quartzose and highly feldspathic populations; detailed 
petrographic studies are required to evaluate these possibilities.
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CHAPTER SEVEN
RANK VARIATION OF BRUNNER COALS IN THE 
BULLER AND GREYMOUTH COALFIELDS
INTRODUCTION
The physical and chemical properties of coal (and dispersed 
organic matter in sediments) are dependant upon botanical origins, 
early diagenesis and thermal modification during burial. These 
factors determine coal properties and usage (and the generation of 
hydrocarbons).
The Buller and Greymouth Coalfields respectively occur at the 
northern and southern ends of the former Paparoa Trough. The regional 
pattern of rank variation in these coalfields is characterised by iso-rank 
lines with a generally north-northeast to south-southwest orientation 
and delineate the position of the former Paparoa Trough (Figure 47, 
Suggate 1959; Nathan et al. 1986; Figure 1.4).
In the Buller Coalfield, the rank of Brunner coals ranges from low 
volatile bituminous in the west to high volatile bituminous in the east. 
Fifteen kilometres further eastward, in the Inangahua Valley, Brunner 
coals are of sub-bituminous rank. Toward the western margin of the 
Buller Coalfield, there is an increase in vitrinite reflectance from R0max 
0.9% to R0max 1.4% over 2.5 kilometres. The Greymouth and Reefton 
Coalfields also exhibit significant lateral variation in rank. Rank variation 
is the single-most important factor determining coal properties at both 
regional and local levels although type-related factors (iso-rank 
changes in the perhydrous characteristics of vitrinite, and high exinite
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content) may be important in vertical seam profiles (Chapters Eight and 
Nine).
The lateral rank gradient at the western margin of the Buller 
Coalfield is, by world standards, extremely high. The aim of this 
chapter is to document rank variation in the Buller Coalfield, using 
vitrinite reflectance as the rank parameter, and to infer aspects of the 
history of coalification.
BACKGROUND
Lateral changes in rank in Brunner coals in the Greymouth region 
have been demonstrated to be related to changes in thickness of cover 
(Gage 1952; Suggate 1959; Nathan et al. 1986). The Brunner Coal 
Measures are overlain by a thick Eo-Oligocene sequence south, east and 
west of the uplifted southern part of the Paparoa Range, and underlain by 
a seven hundred metre thick sequence of Paparoa Coal Measures. The 
preservation of thick sequences in the Greymouth Coalfield makes it 
possible to construct iso-rank surfaces across the coalfield and 
evaluate lateral changes in vertical rank gradient.
In the Buller Coalfield the thick cover-forming Paparoa Trough 
sequence has been removed by uplift and erosion and hence 
coalification studies in this area are very limited in scope. However, 
if it is assumed that the Buller and Greymouth Coalfields had 
similar burial and geothermal histories, then the Greymouth Coalfield 
potentially offers considerable insights into the pattern of coalification in 
the Buller Coalfield.
South of the Greymouth Coalfield, several oil exploration holes have 
been drilled into the Paparoa Trough sequence along the crest of the
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Brunner Anticline. The burial history of this area differs from the 
Greymouth region. In Arahura 1 about 900 metres of burial occurred 
during the Eocene and Oligocene (Laird 1968, Nathan 1974) whereas in 
the same time interval in the Greymouth region, the Brunner Coal 
Measures were buried to depth of about 3500 metres (Nathan et al.
1986). In Arahura 1 there has been about 600 metres of post-Oligocene 
burial. In the Greymouth region, post-Oligocene burial has been 
negligible and the sequence has been recently uplifted to form the 
southern part of the Paparoa Range.
The Grey Valley area remained a stable platform whilst the 
adjacent Paparoa Trough subsided but since the early Miocene it has 
accumulated 4000 metres of sediment whilst the Paparoa Trough was 
stationary and subsequently uplifted. The inversion of formerly rapid sites 
of subsidence and the accompanying subsidence of adjacent stable 
platforms is a common feature in the histones of many rift basins (e.g. 
Weald and North Sea Basins; see Pegrum et al. 1975).
The burial histones of sequences in both the Grey Valley Syncline 
and Arahura areas differ substantially from the Greymouth sequence 
and consequently vitrinite reflectance and down-hole temperature 
data from oil exploration wells in these areas is of little use for 
interpretation of Paparoa Trough sequences elsewhere.
RANK PARAMETERS AND DATA BASE
The rank parameter employed in this study of Brunner coals from 
the Buller and other coalfields is vitrinite reflectance. The general 
pattern of rank variation established by Suggate (1959) for both the 
Buller Coalfield (Figure 45, Suggate 1959) and the North Westland
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region in general (Figure 47, Suggate 1959; also reproduced in Figure 6, 
Kamp 1986), is based on proximate and ultimate analyses.
A large proportion of the vitrinite reflectance measurements from 
the Buller Coalfield were made on samples obtained during a recent 
drilling programme in the Stockton-Millerton-Rockies area (see also 
Chapters One, Eight and Nine). The remainder are based on samples 
gathered from outcrop.
Some vitrinite reflectance measurements on Brunner seams in the 
Greymouth Coalfield were made by the author. Reflectance data from 
the Paparoa Coal Measures is confined to one seam in the northwestern 
part of the Greymouth Coalfield (Rapahoe Sector, Newman 1985a,b). 
Ultimate and proximate analyses are available for a limited number of 
drill-holes over distances of generally less than three hundred metres 
(Appendices in Gage 1952). In the absence of vertical profiles of vitrinite 
reflectance from the Greymouth Coalfield, it has been necessary, for 
the purposes of comparison with other basins, to translate volatile 
matter yield gradients to vitrinite reflectance gradients using well 
established conversion scales (Tables 4 and 4A and Figure 123, 
Teichmuller 1982).
In the absence of down-hole temperature data, inferences 
regarding the history of coalification in the uplifted Buller and 
Greymouth sequences of the Paparoa Trough are limited to general 
comparisons with other basins of similar age, burial history and 
tectonic setting.
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RANK VARIATION, BULLER COALFIELD
i) Lateral variation in Vitrinie Reflectance (Buller Seam)
In the southern part of the Buller Coalfield, between Denniston and 
Mt Rochfort, vitrinite iso-reflectance contours for the Buller Seam have 
a northeast-southwest orientation. Further north, towards and beyond 
Mt Frederick, the contours swing to a north-south orientation (Figure 
7.1). This pattern of rank variation is very similar to that depicted by 
Suggate (1959, Figure 45). Suggate’s contour map also included data to 
the north and west of this vitrinite reflectance data base. It indicates that 
north of the Rockies area (Figure 7.1) the rank contours resume their 
northeast-southwest orientation and that the north-south contours are 
part of a "bulge" that extends to the western part of the coalfield.
Both the reflectance data of this study and the proximate and 
ultimate analysis data of Suggate (1959) indicate that iso-rank 
contours become increasingly close toward the western part of the 
coalfield. In the Rockies-Millerton-Webb/Baynes-Stockton area the 
vitrinite reflectance changes from 0.9 to 1.4% R0max over 2.5 
kilometres and the iso-rank contours become increasingly close in a 
westerly direction (Figure 7.2). The lateral reflectance gradient is, on 
average, 0.2% R0max/kilometre or 0.02% R0max/100 metres. Further 
south, on the road to Denniston, coal outcrops several hundred metres 
apart have vitrinite reflectance values of 1.7% and 1.37% R0max 
(Figure 7.1). Southeast of the Stockton and Mt Frederick areas there is 
a broad area in which vitrinite reflectance is about 0.7% R0max. It 
extends at least as far as the Mt William Mine (Trig AF, Figure 7.2). 
Suggate’s iso-rank contour map suggests it extends as far as the 
Blackburn area, three kilometres to the east of the Mt William Mine area. 
Vitrinite reflectance measurements from the Charming Creek Mine, and
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the iso-rank contours of Suggate (1959), suggest a broad area of 
about 0.7% R0max extends 13 kilometres north from the Millerton 
area to the vicinity of Seddonville.
The Buller Seam often exhibits vertical within-seam variation in vitrinite 
reflectance of the order of 0.05 to 0.15% R0max (Chapter Nine). The 
iso-reflectance contours of Figure 7.1 are based on the seam composites 
with the highest R0max in a drill-hole intersection. Highest vitrinite 
reflectances are generally from the basal composite ply. Low vitrinite 
reflectances invariably occur at the top of the seam and throughout the 
seam if it is very thin (and not a result of splitting). In the northeastern 
part of the Millerton area for example, the seam thins over a short lateral 
distance with the result that an apparently anomalous vitrinite 
reflectance value of 0.76% Romax is in close proximity to the 0.9% R0max 
contour (Figure 7.2).
The vitrinite reflectance values summarised in Figure 7.1 (and from 
beyond the areal extent of this map but included in Table A3.2), include 
many samples that were collected from outcrop and some drill-holes 
before the occurrence of considerable within-seam variation in 
vitrinite reflectance was known to the author.
Many of the vitrinite reflectance values shown in Figure 7.1 are not 
the highest vitrinite reflectance in a seam profile. Whilst the lack of a 
standardised data base may affect the precise location of iso-rank 
contours based on criteria outlined above, it does not alter the general 
pattern of a westward increase in rank.
In the early stages of the study only the reflectance of telovitrinite 
and/or large easily measurable corpovitrinites were measured. With 
the later availability of an accompanying analytical data base (from the
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Rockies, Stockton and Millerton areas) it became both advantageous 
and necessary to accommodate the varying proportion of all the 
vitrinite maceral sub-groups and record vitrinite reflectance on a 
pro-rata basis (see Chapter Nine). Buller coals are dominated by 
detrovitrinite (Chapter Eight) and the vitrinite reflectance on a pro-rata 
basis is generally within .01 % Romax of the reflectance of detrovitrinite.
In locating the detrovitrinite iso-reflectance contours for Figure 7.1, 
some allowance has been made for the differences between R0max of 
telovitrinite, corpovitrinite and detrovitrinite (see Figure 7.3) in locations 
where only the reflectance of telovitrinite or corpovitrinite has been 
measured.
ii) Vertical Variation in Vitrinite Reflectance
The only section of reasonable thickness to provide some 
indication of vertical rank gradient occurs at Mt Rochfort. A 
reflectance profile indicating a very high vitrinite reflectance gradient 
of 0.2% Romax/100 metres over the range 1.0-1.6% Romax is based on 
limited data (bottom L.H.S. of Figure 7.1 and Appendix Table 3.2). Thick 
sections (several hundred metres) of Kaiata Formation have been drilled 
recently in the course of coal exploration in locally down-faulted blocks 
in the Waimangaroa Valley and Blackburn areas. Whilst reflectance 
studies of vitrinite occurring as dispersed organic matter could provide 
an indication of vertical rank gradient in the lower rank ( 0.7% R0max) 
part of the Buller Coalfield, the sections and drill-holes are too localised 
to permit the construction of iso-reflectance surfaces across the whole of 
the coalfield.
In the Buller Coalfield, vitrinite iso-reflectance surfaces are inferred to 
dip eastward at a higher attitude than bedding; however in the absence 
of a thick sedimentary sequence across the Buller Coalfield, the
173
angular relationship between bedding and iso-reflectance surfaces 
cannot be determined.
RANK VARIATION, GREYMOUTH COALFIELD
i) Lateral variation in vitrinite reflectance, Brunner Coal Measures
Vitrinite reflectance in Brunner coals in the Greymouth Coalfield 
increases from 0.35% R0max in the western part (Nine Mile) to 0.86% 
Romax in the central part (site of former Brunner Bridge) and decreases 
to 0.6% R0max in the east (Blackball; Figure 7.4). The iso-rank 
contours of Figure 7.4 are based on proximate and ultimate analyses 
from both the Brunner Coal Measures, and the Paparoa Coal Measures 
adjusted to the Brunner datum (after Suggate 1959, Figure 43). The 
lateral vitrinite reflectance gradient perpendicular to the iso-rank contours 
illustrated by Suggate (1959), and in the rank range 0.65 to 0.86% 
Romax, is 0.06 Romax/kilometre. Suggate (1955,1959) indicates the 
iso-rank contours are more closely spaced in the Mt Davy-Brunner area 
than throughout the remainder of the coalfield (Figure 7.4).
ii) Lateral Variation in Rank, Paparoa Coal Measures
Vitrinite reflectance studies by Newman (1985a,b) in the Rewanui 
Seam, Rapahoe Sector (northwestern part of Greymouth Coalfield, Figure 
7.3) indicate a lateral vitrinite reflectance of 0.06% Romax/kilometre 
(or 0.006% R0max/100 metres) in the rank range 0.55 to 0.70% Romax.
Iso-vols from the Morgan Seam in the Brunner-Mt Davy area 
(Suggate 1955) indicate a lateral reflectance gradient of 0.036% 
Romax/100 metres in the approximate rank range 1.2 to 1.6% Romax.
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iii) Vertical Rank Gradients in the Paparoa Coal Measures
Volatile matter yield gradients in the vicinity of the Liverpool Mine 
(Rewanui) and the Mt Davy-Brunner Block are in the range 0.23% 
VM/100 feet to 0.7% VM/100 feet over the rank interval of 30-38% VM. 
This corresponds to 0.023% Romax/100 metres to 0.1% Romax/100 
metres. The average gradient is about 0.06% Romax/100 metres 
(Figure 7.5). These gradients are based on data in Gage (1952) and 
Suggate (1955).
Two drill-holes separated by about 1.5 kilometres, and on a line of 
section approximately perpendicular to the iso-rank contours of 
Suggate (1959; reproduced in Figure 7.4), indicates that when the 34% 
VM iso-vol is restored to horizontal the top of the Waiomo Formation 
dips at about 6 to the east (Figure 7.6). This general relationship can be 
expected to hold west of the line of maximum rank development 
(Brunner-Mt Davy) but locally the angular relationship between bedding 
and iso-rank surfaces will vary according to local vertical rank 
gradient.
DISCUSSION
i) Geothermal and Rank Gradients and their Relationship to Tectonic 
Setting
Vitrinite reflectance and other rank parameters are determined by 
depth of burial, geothermal gradient and length of time at elevated 
temperatures (Durand 1980; Stach et al. 1982; Bustin et al. 1983,
Tissot and Welte 1984). There are two primary factors that affect 
geothermal gradients. These are the primary heat flux, which is 
related to tectonic setting, and thermal conductivity of rocks. The
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thermal conductivity of rocks is dependant on mineralogy, porosity and 
permeability (e.g. Thamrin 1985,1987; Tissot and Welte 1984).
In basins of simple structure and uniform distribution of rock types, 
heat flow and temperature gradients could be expected to be uniform 
over a wide area. In nature, there are many ways in which lateral and 
vertical heterogeneities of the heat flow field can occur. These include 
refraction (e.g. different rock types in juxtaposition by faulting or 
diapirism), lateral migration of low temperature fluids (Oxburgh 1984; 
Andrews-Speed et al. 1984), vertical migration of hot fluids in the vicinity 
of major fracture zones (Burne and Kantsler 1976; Tissot and Welte 
1984, pp.296-298), undercompaction and overpressuring of shales 
(Magara 1987) and radiogenic heat sources in relatively young crustal 
rocks.
Tectonic setting is a major factor determining heat flow and 
geothermal gradients. Fore-arc basins generally have low heat flow and 
low geothermal gradients. This is due to the influx of cold sea water in 
rapidly subsiding basins whose thick pile of sediments may not be in 
thermal equilibrium with the underlying basement. Back-arc basins 
generally have high heat flow which is related to ascending or shallow 
magmas. Regions of low and high heat flow and geothermal gradient 
may occur in close proximity; this is exemplified by the Indonesian 
Island arc (Aadland and Phoa 1981; Thamrin 1985, 1987; geothermal 
gradient data for Northern Sumatra is summarised in Table 7.1).
Continental rifts, in comparison with adjacent areas are 
characterised by high heat flow. Moreover, heat flow is governed by 
major rift fractures and is particularly high at the crossing points of 
active faults (Lysak 1987). Rift zones may also be the sites of magmatic 
emplacement, though the evidence for this from extrusive volcanic
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rocks may be sparse (e.g. Thomas 1984). The "thermal events" 
associated with magmatic emplacement overprint temperature increases 
related to increases in burial depth of sediment. In some basins, 
particularly rift basins, geothermal gradients may decrease through 
time. In these instances, rank is much higher than would be predicted 
from present day temperatures and a detailed knowledge of burial 
history.
ii) Tectonic Setting of the Paparoa Trough
During the Late Cretaceous to Early Miocene the western New 
Zealand region was characterised by a pattern of subsidence and basin 
development that has been interpreted as a continental rifting. The 
basins that developed have been collectively referred to as the 
"Challenger Rift System" (Kamp 1986). The Challenger Rift System 
comprised an 800 kilometre long, 100-200 kilometre wide zone that 
included the Pakawau and Taranaki Basins in the North, the Paparoa 
Trough (Westland), and the Waiau Basin (western Southland) and Balleny 
and Solander Basins (west of Stewart Island) in the south. Prior to the 
Miocene inception of the Alpine Fault, and transcurrent offsetting of 480 
kilometres, the Westland and Southland areas were juxtaposed (Kamp 
1986).
The first phase of rift development was characterised by 
deposition of coal measures and shallow marine transgressive sequences 
in broad depressions and half grabens. The second phase of rift 
development was characterised by the development of axial troughs and 
thick marine, slope to bathyal depth mudstones and limestones; in 
some instances the steep-sided troughs were associated with submarine 
fan deposits (Kamp 1986). It was during this second phase of rift 
development that maximum burial and coalification occurred in the
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Paparoa Trough (Nathan et al. 1986) and other grabens in the 
Challenger Rift Complex.
During the Eo-Oligocene, the Paparoa Trough comprised a half 
graben with opposite senses of symmetry in its northern and southern 
parts (Buller and Greymouth Coalfields respectively; see Laird 1968 and 
Figures 3.13 and 5.13 in Nathan et al. 1986).
The northern and south extensions of NNE-SSW fault systems 
associated with half graben development in the Greymouth and Buller 
Coalfields (Roa - Mt Buckley - Montgomerie - Hawera and Lower 
Buller - Kongahu) overlap in the vicinity of Mt Bovis (30 kilometres north 
of Mt Davy). The two fault systems are about five kilometres apart and 
joined by a major (unnamed) fault with NW-SE orientation. Half grabens 
and switches in half graben asymmetry are a common feature of 
continental rifts. The variation in dip is accommodated by a system of 
"transfer faults" perpendicular to the major normal faults. The normal 
faults may have a shallow dip at depth and extend into the lower crust 
("detachments"; Etheridge et al. 1988). It is possible the NW-SE 
trending fault in the vicinity of Mt Bovis was a transfer fault and that 
there were several or many analogous faults present along the length of 
the Paparoa Trough. The paucity of Tertiary sequences and the 
ubiquitous presence of monotonous Greenland Group or gneiss along 
the rugged Paparoa Ranges makes detection of faults very difficult.
The attitude of the major NNE-SSW trending faults at depth is unknown.
iii) Comparison of the Paparoa Trough and other rift basins
The tectonic setting, age and burial history of the Paparoa Trough, 
Taranaki Basin and the thickest parts of the Bass Basin (as exemplified 
by the Pelican drill-hole) are generally comparable (Table 7.2). Studies
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of the Bass and Taranaki Basins, for which there is a wealth of 
temperature and vertical vitrinite reflectance data, offer some general 
insights into the palaeothermal realm of the Paparoa Trough sequence. 
There are however limitations to the extent of Inference and this is 
readily illustrated by a brief review of the Bass and adjacent Gippsland 
Basins which have a very similar tectonic setting and age but distinct 
palaeothermal histories.
The Paparoa Trough, Bass and Taranaki Basins are all rift basins. 
The Paparoa Trough, Bass Basin and parts of the Taranaki Basin are 
characterised by half-grabens.
The burial histories of the Paparoa Trough, Taranaki Basin and Bass 
are generally comparable. In the Pelican drill-hole, Bass Basin, the age 
of sediments at 3200 metres (the deepest part of the drill-hole) is 
about 56 million years (Figure 7.2, Smith 1981). The Western Platform 
(Taranaki Basin) and the Paparoa Trough have achieved maximum burial 
depths of 2500 to 3500 metres in the last 70 million years (Figure 7.6).
The present day average geothermal gradient in the Taranaki 
Basin Is 2.95°C/100 metres ( or 1,63°F/100 feet; Pilaar and Wakefield 
1984). This is about average by world standards (see Klemme 1975, 
Tissot and Welte 1984). The Bass Basin has an average geothermal 
gradient of 3.0 to 3.5°C/100 metres (Smith 1981, Kantsleret al. 1978). 
This is average to moderately high by world standards (Table 7.2).
In both the Bass and Taranaki Basins drill-holes have not reached 
basement and maximum vitrinite reflectances are about 1.1 and 1.0% 
Romax respectively. In contrast, vitrinite reflectance data from the 
Paparoa Trough is only available from near the base of the 
succession in the rank range 0.8-1.6% R0max. A vitrinite
179
reflectance-depth profile from samples from ten wells in the Bass Basin 
is distinctly non-linear and the best-fit curve is a second degree 
equation (Smith 1981; Kantsler et al. 1978). The reflectance profile can 
also be viewed as two intersecting linear gradients with the change in 
slope occurring at about 0.5% R0max. Up to 0.6% R0max the vertical 
gradient is about 0.017% R0max/100 metres whilst from 0.6 to 1.1% 
Romax the gradient is about 0.55% R0max/100 metres. In the Taranaki 
Basin, the vitrinite reflectance-depth profiles of both the Western Platform 
and the Taranaki Graben are linear, and the vertical vitrinite reflectance 
gradients are .016% R0max/100 metre in the rank range 0.3 to 1.0% 
Romax (Figure 15, Pilaar and Wakefield 1984). The vertical vitrinite 
reflectance gradient in the Paparoa Trough (Greymouth Coalfield) is 
0.06% R0max/100 metres in the rank range 0.8 to 1.3% R0max.
The "average" vertical vitrinite reflectance gradient in the Bass Basin 
is comparable with the Taranaki Basin in the range 0.3-0.6% R0max and 
comparable with the Paparoa Trough in the rank range 0.8-1.1% 
Romax. The vertical vitrinite reflectance gradients of the Taranaki Basin 
and Paparoa Trough are markedly different (Table 7.2) but as they are 
from different parts of the rank range, direct inference is invalid. It is 
possible that the vertical vitrinite reflectance profiles in the Paparoa 
Trough and Taranaki Basin depart from linearity (as in the Bass Basin) 
and that their vitrinite reflectance-depth profiles are similar; it is 
unfortunate that there are no reflectance measurements presently 
available for the lowermost parts of the Taranaki Basin and the 
uppermost part of the Paparoa Trough sequence.
In evaluating and comparing vertical vitrinite reflectance gradients, 
a knowledge of palaeotemperatures is potentially invaluable. There 
is evidence to suggest that in the Bass Basin prior to 45 million years 
ago, the geothermal gradient was considerably higher than at present.
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Smith (1981) has compared present day temperatures with those 
predicted by isothermal and gradthermal palaeotemperature histones 
(Karweil method). The Grad:lso ratio defined by Smith (1981) is 
independent of the temperatures calculated by the Karweil method (which 
may be imprecise) and indicates the wells from the deeper parts of the 
Bass Basin approximated on isothermal history (even though the depth 
versus age profiles are suggestive of a gradthermal model). The basis 
of inference by Smith (1981) for high early geothermal gradients is the 
good correlation between rate of subsidence and the Grad:lso ratio. 
The change in the vertical reflectance gradient at about 0.6% Romax 
corresponds approximately with the age of the postulated change in 
geothermal gradient. This suggests the non-linear vitrinite reflectance 
curve is due to a decrease in geothermal gradient through time; this is 
consistent with a rift setting.
In applying the same methods to the adjacent Gippsland Basin, 
Smith (1981) has noted that Grad:lso ratios are abnormally high 
compared with other Cretaceous-Cenozoic basins in Australia (see Smith 
and Cook 1984, for a more accessible account of the method). He has 
inferred a rise in heat flow during the late Cenozoic. This is 
consistent with other studies postulating northwards migration of 
Australia over a "hot spot" at the base of the lithosphere during the late 
Cenozoic.
In the Taranaki Basin the differences between vitrinite 
reflectance estimated by the Lopatin method and measured vitrinite 
reflectance is small. On this basis Pilaar and Wakefield (1984) 
suggest the present thermal regime has been operating since the early 
part of the basin’s history. This result may be fortuitous as the Lopatin 
method is generally considered to be unreliable in the lower part of the
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rank range (see review of scales of organic metamorphism by Suggate 
1982).
In many basins, particularly those with above average to high 
geothermal gradients, the increase in vitrinite reflectance with depth is 
non-linear and there is often a change in slope from about 0.6-0.7%
Romax onwards. In addition to changes in geothermal gradient with 
time (as suggested for the Bass Basin), there are other ways changes in 
vertical vitrinite reflectance gradient can occur. The spacing of isotherms 
may decrease with depth. Even if the spacing of isotherms remains 
constant, at temperatures over about 130°C, relatively small changes in 
temperature have a large effect on reflectance (see Figure 22A, 
Teichmullerand Teichmuller 1982).
The occurrence in the Bass Basin of a high geothermal gradient 
during an early phase of rapid burial raises the possibility that this may 
have also happened in the Paparoa Trough and parts of the Taranaki 
Basin. Both the Paparoa Trough and Taranaki Basin are also 
characterised by early phases of rapid subsidence and occur in a rift 
setting similar to the Bass Basin. Without any temperature data and only 
sparse vertical vitrinite reflectance data it is impossible to make specific 
inferences regarding the palaeothermal history of the Paparoa Trough. 
By general comparison with the Taranaki and Bass Basins, it is 
however reasonable to suggest the average geothermal gradient in the 
Paparoa Trough throughout the middle and latter part of the Tertiary was 
in the range of average to moderately high; it is unlikely it was very low or 
very high.
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iv) Depth of Cover Estimates
The irreversible increase in coal rank with increasing depth of burial 
(Hilt’s Rule), potentially offers a reliable estimate of former depths of 
cover in palaeogeographic reconstruction of uplifted and eroded 
sequences.
The "chemical" rank parameters (calorific value, volatile matter yield, 
vitrinite reflectance) are dependant on type and geothermal gradients, 
and therefore, are not ideal for extrapolating depth relationships from 
one basin to another.
Moisture content, a "physical" rank parameter, is probably the most 
reliable parameter on which to base estimates of depth of cover; its 
decrease with depth is related to decreases in porosity associated with 
progressive compaction. However it also has limitations. It is possible 
tectonism might modify progressive compaction with depth. Sample 
preparation is difficult to control in hot climates particularly at low rank. 
Many data bases are based on whole seam analyses even though 
moisture contents of inertinite and exmite, when compared with vitrinite, 
are relatively insensitive to depth of burial (Cook 1982). Coals with less 
than about 2% moisture (medium volatile bituminous to anthracite) do 
not provide a reliable indicator of depth of burial because of changes 
in fine structure and an increase in porosity. Suggate (1974, 1982) has 
presented data that suggests progressive moisture loss with increasing 
depth is greater under conditions of high geothermal gradient. If this is 
the case, then applying the results of one basin to another (e.g. 
Nurkowski 1984) may not be valid.
In a novel approach, Daulay and Cook (1988) have estimated 
depths of burial from present day geothermal gradients and estimates of
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isothermal and gradthermal temperatures; however they acknowledge 
the limitations of using present day geothermal gradients in their 
estimates of palaeo-cover.
Suggate (1959) estimated that the maximum depth of burial for the 
Brunner Coal Measures in the Greymouth Coalfield was about 4000 
metres. This estimate is based on analyses of two coal seams with a 
vertical separation of about 1200 metres in a drill-hole in the Grey Valley 
Syncline. Proximate analyses were converted to an "average type" 
basis and the rank gradient used to estimate the depth of burial for coals 
at a mine in the Greymouth Coalfield. The result compared favourably 
with stratigraphic evidence (and led to the establishment of a scale of 
absolute rank with rank numbers related to thousands of feet of depth of 
burial). The good agreement between depths estimated from the 
sequence in the Grey Valley Syncline and stratigraphic evidence int he 
Greymouth area may have been fortuitous; it probably reflects similarity 
of geothermal gradients in the Grey Valley and Greymouth Coalfields, 
rather than the general applicability of the absolute rank scale.
Rank data from the Brunner Coal Measures in the Buller Coalfield 
have been interpreted as indicating a burial depth of about 3500 to 4500 
metres (Figure 45, Suggate 1959). This is a reasonable estimate given 
the agreement between rank derived and stratigraphic estimates of 
palaeocover in the Greymouth Coalfield and assuming the northern and 
southern ends of the Paparoa Trough had similar geothermal 
gradients.
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v) Origin of Closely Spaced Iso-Rank Contours, Western Buller 
Coalfield
The lateral increases in rank of Brunner and Paparoa Coal 
Measures in the Greymouth Coalfield are clearly related to lateral 
increases in thickness of the overlying Eo-Oligocene marine succession 
(Suggate 1959; Nathan et al. 1986). It is reasonable to infer that lateral 
rank variation in the Buller Coalfield also reflects variation in depth of 
burial even though there is no direct geological evidence from locally 
preserved sections.
In the western part of the Buller Coalfield, the decrease in the lateral 
distance between iso-rank contours might reflect an increasing closeness 
of isotherms with depth (Figure 7.8, Table 7.3). This would appear to be 
the case in the Brunner-Mt Davy part of the Greymouth Coalfield where 
there is an extremely high vertical (and lateral) rank gradient.
It is not known whether isotherms in the Buller Coalfield at the time of 
maximum burial arched or sagged toward the thickest part of the 
Paparoa Trough or whether they were horizontal (Figure 7.8; Table 7.3). 
This cannot be determined as the absence of complete sedimentary 
sections precludes the reconstruction of the Paparoa Trough at the 
time of maximum burial and the determination of vitrinite reflectance 
profiles across the basin. In the Greymouth Coalfield reconstruction of 
the Paparoa Trough from sedimentary sections (Nathan 1978;
Nathan et al. 1986) indicates the lower Paparoa Coal Measures had a 
regional dip of 11-15 at the end of the Oligocene. Iso-vols in the area 
are inclined at 6-11 to bedding (Figure 7.5) and suggest the isotherms 
at the time of maximum coalification were horizontal to slightly sagged 
in the direction of the axis of the Paparoa Trough. This inference must be 
regarded with caution as reconstruction of the central Paparoa area is
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based on thickness estimates of the Rapahoe and Nile Groups 10 
kilometres further south where a complete section is preserved in the 
plunging part of the Brunner-Mt Davy Anticline. Furthermore, 
construction of the iso-rank surfaces is based on a very limited amount 
of data from one locality. Both the western part of the Buller Coalfield 
and the eastern part of the Greymouth Coalfield are located along 
major faults. In many parts of the world, such areas are susceptible to 
high heat flow and arching of isotherms as a result of the ascent of hot 
fluids along major fractures (Lysak 1987; see first part of Discussion; 
Figure 7.8).
In the absence of a profound influence of rising hot waters, sagging 
of isotherms could be expected toward the thickest part of the "cold" 
sediment sequence. Refraction of isotherms in the Paparoa Trough 
could have produced close-spacing of iso-rank surfaces in vertical 
profile (Figure 7.8). However, refraction does not affect spacing of 
iso-therms along the interface of basement and a sedimentary pile, 
and in the Buller Coalfield, the lateral spacing of iso-rank surfaces in the 
Brunner Coal Measures (which rest directly on basement) would not have 
been affected.
A progressive westward increase in dip at the time of 
coalification and maximum burial may have also been a contributory 
factor in the close-spacing of iso-rank contours in the high rank 
western part of the Buller Coalfield (Figure 7.8). Progressive increase 
in dip can result from listric faulting. Many half-graben extensional 
basins are characterised by listric faults and roll-over (Gibbs 1984).
Major faults along the Paparoa Tectonic Zone have been depicted as 
vertical to sub-vertical (Laird 1968; Nathan et al. 1986). However, to 
date there is no data to provide unequivocal evidence for either a planar 
or listric fault system.
186
Data presented by Teichmuller (1982, Figure 22A) indicate the 
increase in rank associated with increasing temperature is much higher at 
temperatures above 130°C than it is below this temperature. It follows 
that even with a uniform temperature rise with depth, corresponding 
changes in rank parameters will be non-linear if temperatures are 
greater than 130°C and maintained.
In summary it can be stated the general pattern of lateral rank 
variation in Buller coals was determined by the half-graben 
characteristics of the Paparoa Trough. There are however many factors 
(non-linear temperature/vitrinite reflectance relationships, isotherm 
spacing and regional dip; Table 7.3), that singularly or collectively may 
have caused the close spacing of iso-rank contours in coals of medium 




TYPE VARIATION IN BRUNNER COALS
INTRODUCTION
Brunner coals have relatively high vitrinite content (85-95%) and low 
inertinite content (less than 5%). Exinite content ranges from low (less 
than 5%) to intermediate (5-15%) except in the Greymouth Coalfield 
where it locally comprises 25-40%. Mineral matter (and ash yield) of 
Brunner coals is often very low (less than 1 %).
The purpose of this chapter is to document inter- and intra-seam 
differences in macerai (and mineral matter) content, make general 
inferences regarding the depositional setting of Brunner coals and 
provide a background to the investigation of vertical within-seam 
variation in coal properties (such as volatile matter yield) in the next 
chapter.
CLASSIFICATION OF COAL MACERALS, AND COAL TYPE
The classification of coal macerals is based on the attributes of 
morphology, origin and size of phytoclasts. The three macerai groups 
vitrinite, inertinite and exinite are respectively characterised by 
intermediate, high and low reflectances. Within each macerai group 
there are general chemical similarities. Individual macerals are 
characterised by their morphology and have distinct origins.
The classification employed in this study is largely that of the 
Standards Association of Australia (AS 2856 - 1986). It recognises three 
vitrinite macerai subgroups, telovitrinite, detrovitrinite and gelovitrinite.
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The advantage of this classification (Table 8.1) is that it is genetic and 
largely independent of the gélification differences between huminites of 
low rank brown coals and vitrinites of higher rank bituminous coals. 
Exinite and inertinite classification are similar to the pre-existing 
classification system of the International Commission for Coal 
Petrography (1972,1975).
The classification system of the International Committee for Coal 
Petrography (1972,1975) employs a different classification for brown 
and bituminous coals (see Tables 16 and 18, pp. 223, 230,
Teichmuller 1982). Whilst the brown coal huminite macérais are 
obvious precursors to the bituminous vithnite macérais, the overlap 
between the classification systems is poor. The section of the AS 2856 
- 1986 classification relating to vithnite is based largely on a substantial 
modification of the brown coal classification on the basis of, the studies 
of Smith (1981,1982). Smith (1981) demonstrated the change in 
appearance of vithnite macérais with increasing gélification as a 
result of physico-chemical changes with increasing rank and depth of 
burial. For example the detrovitrinite sub-group includes the brown coal 
macérai attrinite, the brown coal macérai densinite and the black coal 
macérai, desmocollinite. Whilst all have a similar origin in that they are 
derived from finely divided plant detritus, they exhibit textural differences 
associated with increasing gélification due to increasing rank.
As with most classification systems some divisions are arbitrary or 
cannot be applied in all circumstances. There is some overlap of 
characteristics of the vithnite macérai sub-groups in the S.A.A. 
classification. Rounded isolated oval grains of gelovitrinite 
(corpogelinite) of less than twenty microns are, by convention, 
included with detrovitrinite. At higher ranks (about 1.2% R0max in 
Brunner coals) the distinction between detrovitrinite and
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gelovitrinite becomes increasingly difficult whilst telovitrinite remains 
distinct. Some authors (e.g. Brown etal. 1964; Creaney et al. 1980), 
have classified vitrinite as vitrinite A (relatively high reflecting telovitrinite) 
and vitrinite B (relatively weakly reflecting detrovitrinite and 
gelovitrinite). Classification of vitrinite as Va and Vb is used where 
the rank is too high to effectively and consistently discern 
corpovitrinites in the desmocollinite groundmass and in all cases where 
petrographic work was performed prior to 1984. In Brunner coals of 
greater than R0max 1.45% vitrinite A and vitrinite B are virtually 
indistinguishable.
International usage of the term ’type’ refers to the nature and 
proportion of various macerals. In New Zealand an expression of the 
idea of ’changes in type’ has also been used to indicate changes in 
vitrinite chemistry in association with vertical within-seam (iso-rank) 
changes in reflectance of the same maceral at the same locality 
(Newman 1984,1985), and in connection with iso-rank changes in 
calorific value and volatile matter yield (Wellman 1952; Suggate 1956).
DATA BASE AND LOCATION OF SAMPLES
Samples of Brunner coals for petrographic analysis were obtained or 
collected from throughout North Westland (Figure 8.1). The data base is 
variable.
The most comprehensive data base comes from the Millerton, 
Stockton, Rockies and Webb/Baynes areas, in the Buller Coalfield. 
These areas are adjacent to each other and comprise about 10 square 
kilometres. Sixty five composite samples from twenty five drillholes with 
two to five composites per drillhole intersection were analysed.
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In contrast to the Rockies, Stockton and Millerton areas (Buller 
Coalfield), the data base in other areas is limited to 1 drillhole, channel 
samples from part or parts of a seam profile or a spot sample (Figure 8.1; 
Table A3.1).
The range in the proportion of maceral groups and vitrinite maceral 
subgroups in Buller coals is illustrated in Figure 8.2.
MACERAL CONTENT OF BRUNNER COALS: BULLER COALFIELD 
i) Millerton, Stockton, Rockies, Webb/Baynes
The medium-low volatile bituminous coal seam in the Millerton, 
Rockies, Webb/Baynes and Stockton areas is characterised by very high 
vitrinite content (Plate Xa,b). The coal has a very low mineral matter 
content and ash yield, particularly toward the middle of the seam (less 
than 0.1%, e.g. DH’s 1220,1221, 1222, Webb/Baynes area, Applied 
Geology Associates 1983; Table 9.1). Very low ash coal, and coal 
recalculated to a mineral matter free basis, almost always contains 
more than 90% and sometimes more than 95% vitrinite (Figure 8.2,
Table 8.2 and Appendix Tables A3.1a-d). The petrographic 
characteristics of 25 drillholes, mostly from the Millerton and Rockies 
areas, ranging in rank from 0.9%-1.4% R0max (high-medium volatile 
bituminous) are summarised below.
The submaceral group detrovitrinite generally comprises 50-75% of 
the total vitrinite (Figure 8.2, Table 8.3 and Appendix Tables 3a-d).
The dominant maceral is desmocollinite (Plates Xla,b, Xllf). In the lower 
rank part of the Millerton area (R0max 0.70-0.80%) there are some 
remnants of the desmocollinite precursor, densinite and several 
drillholes exhibit a noticeable increase from top to bottom in the degree
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of gelification and the extent to which detrovitrinite attains a 
homogeneous massive appearance.
The submaceral group gelovitrinite (Table 8.1) comprises 5-30% of 
the total vitrinite (Table 8.3 and Appendix Tables A3.1a-d). Gelovitrinite 
is totally comprised of ovoidal grains of corpogelinite (20-50 microns) in 
a detrovitrinite matrix. Eugelinite is virtually absent. Corpovitrinite-like 
vitrinite that occurs in bands is included with telovitrinite (below) and 
those isolate grains less than 10 microns in detrovitrinite (during point 
counting grain size was estimated visually; the 10 micron size limit 
originally proposed in drafts for AS 2856 - 1986 has since been amended 
to 20 microns). The basal and upper high ash parts of the seam are 
characterised by very low gelovitrinite contents whereas in the low ash 
central part of the seam there is an upward increase in the proportion of 
corpovitrinite. Eugelinite is virtually absent. Corpovitrinite and 
corpovitrinite- like vitrinite (in telovitrinite and detrovitrinite) from many 
Brunner Coals are illustrated in Plates Xlld.e.h and Plates 
Xllla,c,e,f,g.
Telovitrinite generally comprises 5-15% of the vitrinite except in the 
basal and upper and high ash parts of the seam where it may comprise 
up to and in excess of 30%. Telovitrinite exhibits a variety of forms. Most 
appears structureless. Etching was not attempted. In some telovitrinite 
characterised by relatively high reflectance, flattened cell wall tissue 
(telinite) can be discerned. In some bands, a corpogelinite-like ovoid 
cell structure is visible (e.g. Plate Xllle.f.g). Their reflectance is 
generally lower than structureless vitrinite. Disaggregation of these 
bands during early diagenesis is a likely source of corpovitrinite. In 
some instances corpovitrinite-like material in telovitrinite resembles 
resinite (Plate Xg,h). Telocollinite phytoclasts associated with detrital clay 
in the basal part of the seam exhibit a reflectance distinctly lower than
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that of telocollinite in low clay parts of the same composite. Some of 
these telovitrinites are obviously of root origin as they have a cross-cutting 
relationship to bedding as indicated by orientation of clay laminae (of.
Plate Xlllh).
Desmocollinite in the vitrinite reflectance range R0max 0.7-0.95% 
exhibits a weak to strong secondary fluorescence. Strong 
desmocollinite fluorescence occurs locally in the upper part of the seam 
(Rotnax 0.7-0.85%), in association with low vitrinite reflectance (next 
section). The most pronounced fluorescence generally occurs in 
desmocollinite; corpovitrinites and telovitrinites in the same sample may 
also fluoresce but generally not to the same extent. Some samples 
developed oil cuts upon exposure to ultra-violet light (Plate Xli) and others 
developed oil rings between polishing and examination. (The detection 
of fluorescence and development of oil cuts is dependant on the intensity 
of the ultra-violet light; this varies between microscopes.)
In the western part of the Rockies area, the distinction between 
corpogelinite and desmocollinite becomes progressively more difficult 
with increasing rank (Romax 1.25%).
Exinite comprises 2-5% of coals with R0max 1.3%; in rare 
instances up to 8% was recorded (Appendix Tables A3.1a-d). By far the 
most common exinite maceral is liptodetrinite. It is probable that 
liptodetrinite (and hence total exinite) has been slightly 
underestimated during point counting on account of its very small size. 
Resmite (and fluorinite in lowest rank samples) are respectively the 
next most abundant exinite macerals comprising an average about 1% 
and 0.5%. In coals with R0max 1.3% (Rockies area), resinite and 
sporinite have a reflectance equal to or greater than that of vitrinite as a 
result of coalification (second coalification jump of Teichmuller 1982).
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Cutinite is very rare and suberinite if present occurs in the uppermost 
low ash plies. Some samples exhibit exsudatinite or meta-exsudatinite 
veins (Plate Xa,b).
Upward trends in total exinite content are difficult to assess as both 
upward and downward increases are present and the difference 
between upper and lower parts of the seam less than 2-3%. Some upper 
plies exhibit isolated grains with up to 25-35% exinite (mainly 
liptodetrinite and some sporinite) indicating the presence of discrete 
exinite rich layers in the upper part of the seam. In other Brunner coals 
(described below) exinite content is generally higher and it increases 
upward in seams. Upward increases in exinite content have been 
.reported in the Webb/Baynes area by Newman (1984).
Inertinite generally comprises 2-5% of the coal and of this, up to 1% 
may be of fungal origin (sclerotinite, plectenchyme and 
teleutospores). Semifusinite and macrinite are the most abundant 
inertinite macerals and have been counted collectively along with 
inertodetrinite (Appendix Table A3.1a-d). Some fine wisp-like 
inertodetrinite (e.g. Plate Xlle) may be of fungal hyphae origin. Micrinite 
is rare. It is possible that some exceptionally rare, high reflecting 
shard-like features are inertinite (inertodetrinite with very high 
reflectance; Plate Xllb).
At the base and top of the seam, the high mineral matter and ash yield 
is due to the presence of abundant detrital clay. In some instances 
micas or quartz grains are present. Authigenic clays with a distinctive 
orange fluorescence are in some instances associated with detrital clays 
but more commonly occur in the low ash part of the seam. Pyrite is 
often present in trace amounts. The middle of the seam is characterised
194
by trace amounts of mineral matter and ash yields that are often less 
than 0.5% (Table 9.1).
In general, weathered coals can only be detected by proximate 
analyses (subsequent section); however in cases of extreme 
weathering, oxidation cracks are present (Plate Xlla).
(ii) Charming Creek
Two sample sets from the same six metre drill core, one 
comprising 123 blocks two to six centimetres long and another 
comprising seven plies of grain mounts from the same intersection were 
examined. The exinite content is significantly higher than in the 
Millerton and adjacent areas (Figure 8.2, Table 8.3; compare Plates Xa 
and c) and there is a ten percent upward increase in exinite from the 
lowermost to the uppermost part of the seam (Appendix Table A3.1e). 
Sample blocks (cf. ply grain mounts) indicate the general upward 
increase in exinite is in part a result of an increase in exinite-rich layers 
(1-8 centimetres thick, 20-25% exinite) which are sometimes also relatively 
high in inertinite (5-8%).
The top and basal parts of the seam are characterised by 
relatively high detrital clay content, low gelovitrinite 
(corpovitrinite) high telovitrinite (cf. middle of the seam) and in this 
respect resemble the Millerton area. Unlike the Millerton area there is 
no pronounced upward increase in corpovitrinite in the low ash part of 
the seam (Appendix Table A3.1 ).
The rank of Charming Creek coals (R0max 0.69-0.75) is 
significantly lower than those from the Millerton and Rockies areas 
(Romax 0.9-1.4%). Detrovitrinite exhibits a distinctive light brown
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fluorescence. Bright green fluorescing oily liquids often emerge along 
cracks during ultra-violet excitation. Exsudatinite (with a dark brown 
fluorescence) occurs in fissures of some telovitrinite. Resinites and 
fluorinites are variable in morphology and fluorescence characteristics 
(Plate Xlg,h,i j). The uppermost part of the seam exhibits relatively low 
vitrinite reflectance (Table A3.1 e).
MACERAL CONTENT OF BRUNNER COALS: OTHER COALFIELDS 
Inangahua Valley - Buller Gorge
A six metre profile from the New Creek Coal Mine (Figure 6.23) has 
an exinite content comparable to that at Charming Creek. The upper 
60 centimetres exhibits an increase from 8% to 14% exinite (Appendix 
Table A3.1f). The basal 60 centimetres of the seam (detrital clay 
3%) is higher in telovitrinite and lower in gelovitrinite and inertinite 
than the remainder of the seam (Appendix Table A3.1f). Some 
gelovitrinite grains have remnants of, or exhibit, a distinctive granular 
appearance (porigelinite precursor). Detrovitrinite exhibits a faint but 
distinct fluorescence.
Spot samples of other sub-bituminous coals in the general vicinity 
(Heaphys Mine and Fletcher Creek) exhibit similar proportions of maceral 
groups and the vitrinite maceral sub-groups (Appendix Table A3.1k).
The uppermost seam at Fletcher Creek (Figure 6.22) exhibits an 
unusually high proportion of semifusinite compared with all other samples 
examined from the Brunner coals (16%, Appendix Table A3.1 k; Plate 
XIIc). Inertinite of fungal origin is also relatively abundant. Some 
grains from the sample from Heaphys Mine exhibit size grading of 
phytoclasts which impart a banded appearance. Micro-laminae, 
20-50 microns, comprise very fine detrovitrinite, liptodetrinite and
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inertodetrinite. Coarser layers comprise corpogelinites, resins, 
semifusinite, sclerotinite and teleutospores. Micrinite, which is rare in 
Brunner coals in general, was observed in several telovitrinite bands 
(Plate Xllg).
Charleston-Punakaiki
Spot samples of sub-bituminous coals in the Charleston and 
Punakaiki areas (McLaughlins and Sunshine Opencast, Lawson Creek, 
Brighton Mine, Appendix Table A3.1k) exhibit similar maceral 
proportions to those at New Creek and Charming Creek.
At McLaughlins Opencast, Charleston, moderately weathered coal 
outcrop exhibits distinct bedding. Beds range from 0.5 to 1.0 metres 
thick and exhibit differences in composition and weathering. Beds with 
conspicuous resins (up to several centimentres in diameter that occur in 
discontinuous layers) and vitrain bands (several centimentres thick), 
weather with a flat face in outcrop whereas those without or containing 
sparse vitrain and resin tend to be more resistant and weathering 
produces a conchoidal, bulbous or nodular surface (Plate Xj). The 
resins are conspicuous in outcrop and exhibit a green fluorescence 
when subjected to ultra-violet irradiation. These two lithotypes show 
slight differences in petrographic characteristics in addition to the 
macroscopic features. The beds with resinous and vitrain lenses are 
characterised by a higher liptodetrinite and total exinite content and 
contain a greater proportion of detrovitrinite and corpogelinite with 
internal reflection. A higher proportion of the detrovitrinite is densinitic 
in character. In contrast the detrovitrinite in the more weathering 
resistant coal lithotype appears to be more extensively gelified 
(resembles detrogelinite of Smith 1981). The samples exhibit a 
difference in vitrinite reflectance of 0.03% R0max. Two samples are
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however insufficient to make definitive statements regarding maceral 
and reflectance differences of what appear to be lithotype differences. 
The lithotype differences as expressed by outcrop appearance were not 
observed in any other Brunner coal seams. This observation and the 
very low rank of these coals (sub-bituminous C, Nathan 1975) suggests 
the lithotype differences in outcrop are features inherited from lignite and 
peat stages which as a result of increased rank, have been elsewhere 
obscured.
Garvey Creek (Island Block), Reefton
The thick basal seam at Island Block, Garvey Creek (7-15 metres, 
Figure 6.2) has an exinite content of 9-16% and in this and other 
respects is similar to the seam at Charming Creek, Buller Coalfield 
(Tables 8.2, 8.3, A4.1g-h). There is also a slight but distinct upward 
increase in the proportion of exinite. The proportion of vitrinite maceral 
subgroups remains relatively constant throughout the seam. The seam is 
also characterised by a significant upward decrease in reflectance 
(Romax of telovitrinite ranges from 0.79% to 0.71 %).
The thin seams overlying the basal seam (see stratigraphic 
column, Figure 6.2), ranging in thickness from several centimetres to 
about one metre, are characterised by a high proportion of 
telovitrinite. The exinite contents (mostly liptodetrinite) are variable 
(Tables A3.1g-h). The uppermost thin seam is characterised by a high 
proportion of very fine liptodetrinite in detrovitrinite with particles of 
several microns (in this respect it resembles degradinite of some 
Japanese coals, e.g. Fujii et al. 1985). Whilst the total exinite content 
approximates that of the basal seam it is concentrated to a much 
greater extent in the detrovitrinite as telovitrinite comprises a very 
high proportion of these thin coals. Many of the telovitrinite bands
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(20-50 microns wide) in the thin seams are sheathed by cutinite or 
suberinite. In some instances cutinite exhibits small irregularly shaped 
fluorinite bodies (cf. Plate Xlc) and may comprise a significant 
proportion of the detrovitrinite groundmass (Plate Xlllb). Unlike the 
Buller Coalfield, where almost all corpogelinite and telovitrinite 
with corpogelinite-like structure has a distinctively lower reflectance 
than detrovitrinite, in these coals many corpogelinites have a 
reflectance exceeding that of detrovitrinite and approaching that of 
telocollinite. Some of the characteristically ovoid cells have a 
noticeably high reflectance approaching that of semifusinite (Plate Xlld). 
Fluorinite occurs in many band corpogelinites as small flecks; its 
shape is determined by the interstitial space between adjoining 
cell-infillings (Plate Xllla).
The detrovitrinite of the uppermost thin seam (60 metres above the 
basal seam, Figure 6.2) exhibits a light orange-brown fluorescence that is 
conspicuously more intense than the light brown fluorescence in the basal 
seam. Spore fluorescence in the uppermost and basal seam ranges 
from light brown to a more intense light yellow. Both the uppermost 
and basal seams exhibit oil-cuts in fluorescence; however the tendency 
to do this is more pronounced in the uppermost thin seam. The 
uppermost seam has a reflectance that is 0.2% R0max lower than the 
basal seam.
A one metre interval from the basal seam near Reefton (Starline Mine 
16 metres, Figure 6.8; R0max 0.48%, Table A3.1 k) is of generally similar 
composition to the basal Island Block coals (Table A3.1g-h). Noticeable 
differences are some layers and bands comprising a high proportion of 
inertinite (20%) comprising mostly fungal teleutospores (in association 
with some detrital clay), sparse quartz grains, relatively thick
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telovitrinite bands and a high proportion of liptodetrinite often in a very 
fine detrovitrinite matrix. .
The presence of exmite-rich layers is indicated in a single five 
centimetre block from the basal seam at Capleston (one metre thick, 
Figure 6.8). Half the block is exinite rich (23%, Table A3.1k) the other 
exinite poor. The exinite-rich portion comprises mostly liptodetrinite 
and a relatively high proportion of resmite, suberinite and 
suberinised vitrinite on the margins of telovitrinite. Inertinite of fungal 
origin is absent. In these respects this lithotype resembles the high 
exinite content of coals in the Greymouth area (below). In contrast, the 
lithotype with a low exinite content contains fungal remains.
Greymouth (Cliffside Mine and Spring Creek Road)
Both the profiles from the seam of the Cliffside Mine and Spring Creek 
Road exhibit a very high and an upward increase in the proportion 
of exinite ranging from 20-25% at the base to 35-45% at the top of the 
seam (Figure 8.2, Table 8.2 and Table A3.1j-k). Liptodetrinite is the 
most abundant exinite maceral. Sporinite and resinite/fluorinite, whilst 
forming a minor proportion of the exinite, are much more abundant 
than in other Brunner coals (e.g. Charming Creek, Garvey Creek; cf. 
Plate Xc,e). Invariably suberinite is more abundant than cutinite. In other 
Brunner coals, even if minor amounts of these macerals are present, 
cutinite is always the most abundant. In some instances there is a 
distinct micro-layering associated with variation in exinite content (Plate 
XII Id).
Fluorinite and exsudatinite comprises 3-5% of the seam at the 
Cliffside Mine; this is exceptionally high compared with the profile at 
Spring Creek Road, other Brunner seams and coals in general.
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Fluorinite occurs as ovoid grains, and small disseminated grains in 
bands of corpogelinite or in cutinised vitrinite enclosing telovitrinite 
bands (Plate Xlc,d,e). Exsudatinite veinlets are éasily observable in hand 
specimen. They fluoresce an orange brown or bright green; the latter 
also fluoresce in white light (Plate Xla.b).
In some instances cells enclosed by suberinite are filled with a resinite 
that fluoresces a dull yellow green (Plate Xlf,i).
Commonly, distinct bands comprising very fine detrovitrinite and very 
fine liptodetrinite alternate with an association of corpogelinite, 
minor sporinite and resinite plus abundant coarser types of 
liptodetrinite. This size grading enhances the bedded appearance 
imparted by the elongate spores, liptodetrinite, telovitrinite and 
flattening direction (Plate Xlllc).
Vitrinite reflectance of coal from the Cliffside Mine appears to be 
anomalously low (R0max 0.35%; the textural appearance and 
gelification is compatible with coal that has a vitrinite reflectance of R0max 
0.5%).
Secondary fluorescence of the vitrinites from the Cliffside Mine is 
significantly higher than that of the Spring Creek Road section (R0max 
0.54). Both exhibit exudations of oil from cracks during irradiation with 
ultra-violet light.
A high exinite content also characterises a spot sample 
collected from a thin seam in the Brunner Coal Measures at Mount Davy 
(central part of Greymouth Coalfield, Figure 6.11; Table A3.1k). The 
exinite comprises mostly liptodetrinite, and suberinite content is 
relatively high (9%). Fungal remains (sclerotinite, teleutospores or
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plectenchyme) are absent. High exinite and suberinite content and 
paucity of fungal remains is a recurring feature.
Not all Greymouth coals are high in exinite. Samples collected from 
near the top and bottom of the 1.5 metre seam at the Brunner Bridge 
(Taylorville) and the western end of the Croesus Track (Blackball) 
have exinite contents of 6-8%. They resemble the coals from the Buller 
Coalfield with a low exinite content. A thin seam overlying the main 
seam at Brunner Bridge, also low in exinite, has a high corpogelinite 
content and the detrovitrinite is relatively coarse. The dominant 
exinite is resmite, and liptodetrinite is virtually absent. These features, 
combined with a high detrital clay content (10%), impart a distinctively 
detrital appearance (Plate Xllh).
SUMMARY OF MACERAL VARIATION OF BRUNNER COALS
The Brunner coals are generally vitrinite-rich ( 85%) with up to 15% 
exinite and 2-7% inertinite (Figure 8.2 and Table 8.2). A minor proportion 
of coals are exinite-rich (15-40%). The dominant vitrinite maceral 
subgroup is detrovitrinite with minor and variable amounts of telovitrinite 
and gelovitrinite (Figure 8.2 and Table 8.3). Liptodetrinite is the 
dominant exinite maceral. The exinite contents of Brunner coals can be 
generally classified as low ( 5%) intermediate (5-15%) and high (15-40%) 
(Table 8.4).
In coals with exinite exceeding 15% and dominated by 
liptodetrinite, suberinite comprises a much higher proportion of the total 
exinite as compared with coals containing a low to intermediate 
proportion of exinite (Table 8.4). Low reflecting corpogelinite (cf. 
telovitrinite) is relatively abundant. In addition a high proportion of
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telovitrinite and detrovitrinite is composed of corpogelinite-like vitrinite. 
Fungal inertinite is present in small amounts (0.5%) or may be absent.
In coals with low exinite (Table 8.4), suberinite is generally absent 
although it sometimes occurs in trace amounts toward the top of a 
seam. Liptodetrinite forms half or a minor proportion of total exinite, 
and often resinite and sporinite, although sparse, may be dominant. 
Corpogelinite and corpogelinite-like vitrinite in telovitrinite and 
detrovitrinite are rare. Fungal inertinite (sclerotia, plectenchyme, 
teleutospores or hyphae?) is always present.
Coals of intermediate exinite content are also intermediate in 
suberinite and corpogelinite characteristics.
Alternating lithotypes in the sub-bituminous C coal at 
Charleston show slight differences in maceral content, noticeably 
exinite. In higher rank coals these differences cannot be detected (if in 
fact they were ever present). Unless sampling intervals fortuitously 
correspond with the boundaries of these lithotypes, compositional 
contrasts over short intervals, particularly in grain mounts, may be 
partially or totally obscured.
Many seams exhibit a tendency to show an upward increase in 
exinite and slight increases in suberinite and corpogelinite. In coals 
with low and intermediate exinite, exinite-rich bands (clarite), inertinite-rich 
bands (vitrinertite) or exinite-and inertinite-rich bands (clarodurite, 
duroclarite) may be present and are tens of microns to several 
centimetres in thickness. However, these bands generally comprise 
such a small proportion that they do not significantly affect the 
composition of plies greater than 20 centimetres thick. Cutinite is rare.
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Semifusinite, together with macrinite and inertodetrinite ranges from 
3-8%. Fusinite is virtually absent in Brunner coal. Vertical (and lateral) 
trends in inertinite content are difficult to assess as the recorded changes 
are small and inconsistent in direction.
Vitrinite, and in particular detrovitrinite, fluoresces in the R0max 
range 0.4-1.0%. In the approximate R0max range 0.65-0.85% some coals 
exhibit an upward increase in vitrinite fluorescence over intra-seam 
thicknesses of 2-5 metres and inter-seam thicknesses of 60 metres. 
Sporinite fluorescence exhibits a range of intensity and colour in any 
one sample in sub-bituminous to high volatile bituminous coals.
Fluorinite, exhibits a variety of morphological forms and is present in 
all coals up to high volatile bituminous rank. Exsudatinite (or 
meta-exsudatinite) occurs in many of the Brunner coals and in particular 
those coals with a depressed reflectance (next chapter) or high exinite 
content. Oil cuts commonly emanate from cracks under conditions of 
optimal excitation by ultra-violet irradiation; they develop most 
readily in Brunner coals with vitrinite reflectances ranging from about 
0.6-0.8%Romax.
The Brunner coals range in rank from sub-bituminous C to low 
volatile bituminous and semi-anthracite (Romax 0.3-1.7%). At the 
lowest rank, slight in-seam gelification differences occur. At high rank 
(Romax 1.2%), distinction between the various vitrinite maceral 
subgroups becomes progressively more difficult. Beyond Romax 1.3% 
liptodetrinite disappears and sporinite and resinite initially attain and 
later exceed, the reflectance of vitrinite and later exceed, the 
reflectance of vitrinite.
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GENERAL ASPECTS OF THE DEPOSITIONAL SETTING OF 
BRUNNER PEATS
The Eocene climate of New Zealand was generally warm and wet 
(Fleming 1975; Mildenhall 1980) and the peat-forming vegetation was 
dominated by angiosperms (many of which were herbaceous), ferns and 
mosses (Couperin Suggate 1956 and Bowen 1964), some Araucariaceae 
(as indicated by large bled resins) and podocarps. Comparison of 
these findings and the considerably more detailed palaeobotanical 
and palynological studies of Victorian brown coals (Duigan 1965; Luly 
et al. 1980; Blackburn 1981,1985; Kershaw and Sluiter 1982) indicate the 
early-mid Tertiary climate and peat forming vegetation of New Zealand 
and Victoria were for the most part very similar.
In the lignites of Victoria, a range of coal lithotypes, recognised 
on the basis of colour, are accompanied by systematic changes in 
petrography, chemistry and utilisation characteristics (Allardice et al. 
1977; Smith 1980; George 1982; Verheyen et al. 1982). Palaeobotanical 
characteristics of the Morwell Seam suggest the lithotypes are 
independant of vegetation (Blackburn 1985). In earlier palaeobotanical 
and palynological studies of the Yallourn seam, vegetation 
characteristics were inferred to be a major control on lithotypes 
(Blackburn 1981; Luly et al. 1980). Forest swamps were interpreted to 
have prograded over open water deposits represented by pale lithotypes. 
This interpretation however has been substantially refuted by the 
observations of the preferred succession of dark to light lithotypes 
(Mackay et al. 1984, 1985). Geochemical, palaeobotanical and 
palynological studies of Rhenish coals suggest that not only are 
lithotypes independant of vegetation but reflect the processes and extent 
of aerobic and anaerobic decay (Hagemann and Hollerbach 1979; 
von der Brelie and Wolf 1981 ; Hagemann and Wolf 1987). More
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comprehensive reviews of these aspects are outlined above in Chapter 2, 
PartC.
The extremely low ash yield of Buller coals is a consequence of the 
elevated topography of the peat with respect to floodwaters, the acidity 
associated with high moor development and the increased solubility 
of mineral matter under conditions of low pH. The acidity of high moor 
peats is due to the accumulation of organic acids in the absence of large 
scale and regular flushing and the cation/proton exchange capacity of 
their vegetation, particularly mosses (Clymo 1983; Tallis 1983).
Whilst freshwater low-moor peats may have relatively low clay contents 
due to flocculation of floodwater clays (e.g. Staub and Cohen 1979), the 
seam in the Buller Coalfield often has an ash yield considerably below 
the inherent ash yield of plant material. This has resulted from the 
solution of inorganic compounds presumably under conditions of high 
acidity associated with high-moor development. The high moor 
conditions, together with the generally low inertinite content and the 
virtual absence of fusinite, suggest a combination of constant rainfall 
and a perched water-table that extended to the surface of the peat 
and prevented severe oxidation.
The high proportion of detrovitrinite to telovitrinite is indicative of extensive 
degradation of plant material which in turn may reflect a combination of 
floral, climatic and subsidence factors. In general, low pH, high rates of 
subsidence (and upward growth of peat) and cool temperatures, are all 
factors that inhibit the extent of microbial decay, and in combination with 
an arboreal peat-forming vegetation under wet conditions, are likely to 
produce high telovitrinite content. Conversely, high pH, low rates of 
subsidence and high temperatures are all factors that promote microbial 
decay and physical integration, and in combination with a peat-forming 
vegetation dominated by herbs, shrubs, ferns and mosses, are likely to
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produce high detrovitrinite content. If slow rates of subsidence and peat 
accumulation were a major factor in promoting high detrovitrinite in 
Brunner coals, then significant differences in the contents of detrovitrinite 
and decay-resistant exinite, from very thick and relatively thin peats of the 
same seam could be expected; this is not the case. Many 
marine-influenced coals exhibit extensive degradation of plant remains. 
High detrovitrinite in association with high sulphur at the top of Brunner 
coals could be attributed to the introduction of brackish waters raising pH 
prior to drownintg of the peat. However, it is most unlikely downward 
percolation of brackish waters could have promoted extensive degradation 
in the middle and lower parts of Brunner seams as the most intense 
microbial activity in peat profiles occurs within the top fifty centimetres, 
and, at a depth of ten metres, anaerobic decay is minimal. The 
occurrence of low ash yield and high detrovitrinite content is characteristic 
of many Tertiary coals that have been interpreted as having a high moor 
origin (eg Australia, Smith and Cook, 1984; Indonesia, Daulay and Cook,
1988). In the Gippsland Basin, coals of different age exhibit different 
detrovitrinite contents; an increase in detrovitrinite and concommitant 
decrease in telovitrinite appears to be associated with a decrease in the 
dominance of forest vegetation. Studies of a high moor Holocene peat 
from Indonesia (Anderson and Muller, 1975) indicates humification of peat 
dominated by large trees is low whereas humification of peat with trees of 
smaller girth and an abundance of herbs, shrubs and ferns is high. It 
would appear that although low pH has an inhibiting effect it does not 
prevent the chemical decay and physical disintegration of at least some 
non-arborescent vegetation of high moor peats. The reasons for this are 
not known. Although gymnosperms and herbaceous-arborescent 
angiosperms were present (resins, palynology, Chapter 2, Part C) the high 
detrovitrinite content of Brunner coals is inferred to represent the 
dominance of non-arborescent vegetation. The relatively low exinite 
content associated with the lowest ash coals in the Buller Coalfield may
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reflect severe and/or prolonged destructive acidic hydrolysis of 
exinite and in particular liptodetrinite. Upward increases and high 
concentration of exinite probably reflect a combination of increased 
decay and preferential decay of vitrinite precursors. This may have 
occurred as a result of exinite concentrating at the peat surface under 
aerobic conditions, or as a result of oxygenated moving waters 
concentrating and sorting more resistant decay products. Both 
processess appear to have locally operated in Brunner peats. In coals 
with low to intermediate exinite content the ubiquitous presence of fungal 
inertinite suggests the more exinite-rich layers represent a remane 
accumulation. In some of the high exinite coals of Greymouth, the 
scarcity or absence of fungal remains suggest a subaquatic origin. This 
is also suggested by size sorting of corpovitrinite-rich layers. It is 
possible that the material forming low reflecting corpovitrinites was 
relatively resistant to decay and like exinite, corpovitrinites have been 
concentrated relative to other varieties of vitrinite.
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CHAPTER NINE
VERTICAL WITHIN-SEAM VARIATION IN VITRINITE 
REFLECTANCE, SULPHUR, RHEOLOGICAL AND OTHER 
PROPERTIES IN THE BULLER COALFIELD 
(MILLERTON, ROCKIES, STOCKTON, WEBB/BAYNES
AREAS)
INTRODUCTION
Some bituminous coals from throughout the world exhibit 
unusually low vitrinite reflectance and high volatile matter yield. In 
addition, they usually exhibit high sulphur content and exceptional 
rheological properties.
Vitrinite reflectance and volatile matter yield are inversely related 
throughout a wide range of rank (McCartney and Teichmuller 1972), 
and in iso-rank samples. In iso-rank samples with very high vitrinite 
content, relatively high volatile matter yields can result from a high 
proportion of low reflecting vitrinite B (e.g. Brown et al. 1964; vitrinite B is 
now described as the maceral sub-group detrovitrinite). High volatile 
matter yield can also result from factors which lower the reflectance of 
all the vitrinite maceral subgroups. This study is mainly concerned with 
the latter.
Unusually low vitrinite reflectance (and/or high volatile matter yield), 
particularly towards the top of coal seams, has been attributed to 
various processes. These include the assimilation of bacterial remains 
and their fatty acid degradation products generated during anaerobic 
decay (Teichmuller and Teichmuller 1982; Teichmuller 1982), variation in 
cellulose/lignin ratio inherited from original peat forming vegetation or as
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a result of changing Eh conditions (Lapo 1978; Newman and Newman 
1982) or assimilation of hydrocarbons evolved during exinite diagenesis 
(Hutton and Cook 1980; Kalkreuth 1982; Goodarzi 1985; Price and 
Barker 1985). In addition, evidence has been presented to suggest 
that vitrinite reflectance is also influenced by moisture (Harrison and 
Thomas 1966; Suggate and Lowery 1982), thermal conductivity of roof 
rocks (Jones et al. 1971) and elemental composition (Neavel 1981). A 
more comprehensive review of this subject has been outlined in Chapter 
2, Part B.
Many coals with unusually high volatile matter yield, low vitrinite 
reflectance, exceptional rheological properties, high sulphur and 
nitrogen are found in close proximity to brackish or marine sediments 
(Teichmuller and Teichmuller 1982; Francis 1961). High sulphur in 
upper parts of peats and coal seams may result from deposition under 
brackish conditions or downward percolation of marine waters into 
underlying fresh water peats. Alternatively, palaeobotanical studies 
indicate that brackish low-moor peats may evolve into freshwater 
raised peats (e.g. Anderson and Muller 1975; Styan and Bustin 1983). 
Some coals are reported as having both high sulphur and high nitrogen 
whereas in others, high sulphur coals contain relatively low nitrogen 
contents. Relationships between sulphur and nitrogen are not well 
understood; a review of the subject has been presented in Chapter 2, 
Part B.
It has not yet been established whether the occurrence of 
within-seam differences in vitrinite reflectance is exclusive to, or of 
greater magnitude in, coal seams that were in contact with brackish 
waters during or soon after deposition. In the Paparoa Coal Measures 
large inter-seam differences in vitrinite reflectance occur in coals that 
were deposited in different settings lacking marine influence; they
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cannot be attributed to rank variation (Newman 1985). Vertical 
within-seam differences in vitrinite reflectance over several metres have 
been noted in seams of the Paparoa Coal Measures (Newman, 
pers.comm. 1986) but unfortunately they remain uninvestigated.
It has never been established nor even speculated upon, if and how, 
the lithotype differences in brown coals are related to within-seam 
differences in vitrinite reflectance in bituminous (and perhaps 
sub-bituminous) coals. Whilst the geochemical characteristics of 
lithotypes in brown coals interbedded with non-marine clastic 
lithologies are well known, there have not been any comparative 
studies of the geochemistry of brown coals in close association with 
marine lithologies.
Rheological properties of bituminous coals have generally been 
attributed to the presence of low molecular weight compounds trapped 
within coal structure (Neavel 1982; Rui Lin et al. 1986). On the other 
hand, the rare occurrence of plasticity in lignites has been attributed to 
the bonding characteristics and exceptionally high proportion of 
organic sulphur (Brooks 1956; Ignasiak et al. 1978). In bituminous coals 
that are perhydrous and have high organic sulphur, exceptional 
rheological properties have been attributed to their perhydrous nature 
(e.g. Teichmuller 1982), and the possible role of organic sulphur ignored.
ANALYTICALPROCEDURE
During the initial part of the analytical programme 10 to 30 plies per 
5-15 metre thick seam intersection were despatched for ash yield and 
total sulphur analyses, and determination of Free Swelling Index (F.S.I.). 
The samples were analysed by C.R.A.N.Z. as part of a coal quality
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investigation programme for Mines Division, Ministry of Energy (New 
Zealand; see Applied Geology Associates 1983,1984a,b and 1985). On 
the basis of significant changes in these parameters the plies were 
combined into composites (Table 9.1) for proximate, ultimate and ash 
composition analyses and tests of coking properties (Gieseler, 
fluidity, Audibert-Arnu, dilatation). With samples from the Rockies, 
Millerton and Stockton areas, two to three composite plies per 
intersection were made up and from these one ply was selected for 
ultimate analysis. In the Webb/Baynes area up to eight composites 
per seam intersection were made up and ultimate analyses were 
performed on all composites. Maceral counts (previous section) and 
vitrinite reflectance measurements were performed on selected 
composite plies from the Stockton, Rockies and Millerton areas. Some 
additional samples from the Webb/Baynes area were subsequently 
borrowed from the University of Canterbury in an attempt to elucidate 
specific points of interest.
The creation of composite samples reduces the maximum 
differences between the highest and lowest values for a parameter, and 




Where the Mangatini Seam Member is thick, it invariably exhibits low 
ash toward the centre. Locally the middle of the seam has an ash yield 
of less than 0.1% (Table 9.1). Although this is exceptional there are 
however many instances where the ash yield is less than 1%. Mudstone 
splits may occur locally within one metre of the top or base of the seam.
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Total and Organic Sulphur
In general, the succession of ply samples (10-30 per seam 
intersection) indicate a high total sulphur content at the top and bottom 
of the seam and low sulphur toward the middle. In many instances 
the top of the seam has a total sulphur content of 3-8% over two to three 
metres whereas in the middle of the seam intervals of in excess of five 
metres have less than 1%. High sulphur near the top of the seam is 
often associated with a sandstone or thin mudstone roof (Figure 9.1).
The high sulphur interval near the base of the seam is often thin. In 
parts of the Webb/Baynes and Stockton areas, particularly where the 
Mangatini Seam Member is overlain by thick carbonaceous mudstone, 
sulphur contents near the top of the seam may be less than 1 %.
Most of the total sulphur in the coals from the Millerton, Rockies, 
Webb/Baynes and Stockton areas is organic sulphur. Of 78 samples in 
which total and the various forms of sulphur have been reported by 
C.R.A.N.Z., 85% have an organic sulphur content comprising more than 
85% of the total sulphur (Figure 9.2). In these samples sulphate sulphur is 
negligible (invariably less than 0.1%). Organic sulphur is calculated by 
the difference between total sulphur, and the sum of pyrite and 
sulphate sulphur. For those analyses in which organic sulphur has not 
reported by C.R.A., the pyritic sulphur has been estimated from the 
Fe203 given with the ash oxides (Appendix 2) and subtracted from the 
total sulphur; it is assumed sulphate sulphur is negligible.
Brunner coals in general, are characterised by a high total sulphur 
content. Total sulphur contents of 5-7% have been recorded from the 
Charleston and Greymouth areas (Nathan 1975, Gage 1952). The Garvey 
Creek Coalfield is characterised by a downward decrease in sulphur in
213
coals distributed over several hundred metres of section, and there is 
often a downward decrease in sulphur within seams (Suggate 1957).
Volatile Matter Yield (dry, mineral matter, half sulphur free)
In many instances seam profiles of volatile matter 
(d.m.m.1/2s.f., see Appendix 2) exhibit an upward decrease of up to 
4%. In some cases there is a slight decrease in volatile matter 
(d.m.m.1/2s/f/) toward the base of the seam (Table 9.2; see also 
Tables A3.3, A3.4, A3.5). For the purposes of this study, it is 
necessary to calculate as closely as possible the volatile matter yield 
that is of organic origin. Many of the adjacent plies for which analyses 
are available have different ash and sulphur contents. As both ash and 
sulphur are in part contributors to volatile matter yield, then these 
within-seam differences and their variable effects must be assessed. The 
method by which volatile matter yield has been recalculated to a "dry 
mineral matter half sulphur free basis" is outlined in Appendix 2.
In the Buller Coalfield (Millerton, Rockies, Webb/Baynes and 
Stockton areas) both the total exinite and in-seam changes in exinite are 
very low and hence upward increases in volatile matter 
(d.m.m.1/2s.f.) are almost entirely due to changes in the 
characteristics of the vitrinite. By contrast, changes in volatile matter 
(d.m.m.1/2s.f.) in seams from the Island Block, Garvey Creek area, must 
in part be due to changes in exinite content; the graph of Figure 2 
indicates that in high volatile bituminous coals of the same rank a 1% 
increase in exinite produces an approximate increase of 0.3% in volatile 
matter. The contribution of exinite to volatile matter yield could also 
be calculated with multivariate techniques outlined and utilised in 
subsequent sections.
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Hydrogen/Carbon Ratio (dry, mineral matter free)
In the Webb/Baynes area, the Mangatini Seam Member generally 
exhibits an upward increase in H/C ratio of the order of 0.01 to 0.03 
(Table 9.2; Table A3.9). Some drillholes show little appreciable 
change; as with many parameters (Table 9.1), seam changes may have 
been diminished by the averaging effect of thick plies. Whilst ultimate 
analyses for every composite ply were performed for the 
Webb/Baynes area and some drillholes in the Stockton area, only one 
analysis per drillhole is available forthe Mi Merton and Rockies areas.
To reduce the effect of the contribution of mineral matter to ultimate 
analyses recalculated to a d.m.m.f. basis only samples with low ash 
yield or samples with a low ash difference have been incorporated in 
the data base. To minimise the effect of weathering, only samples of 
composite pairs in which one or both samples have an F.S.I. of 9+ or 
more, and low moisture content were used. These two selection criteria 
reduce the data base considerably (e.g. see Tables A3.3 and A3.9).
Nitrogen, Nitrogen/Carbon Ratio
Nitrogen contents in the Webb/Baynes area exhibit either an 
upward increase throughout the seam or remain approximately constant. 
At the base of the seam, nitrogen content is typically in the range 
0.9-1.1% and at the top 1.0-1.4% (Table A3.10). As might be expected 
N/C ratios exhibit a similar trend (Figure 9.12a, Table A3.9).
Rheological Properties
Within each seam profile of the Millerton, Stockton, Rockies and 
Webb/Baynes areas there is considerable variation in Free Swelling
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Index (F.S.I.) and the various parameters of the Gieseler Plastometer and 
Audibert-Arnu Dilatometer Tests. In this study only maximum fluidity 
and initial swelling temperatures (Gieseler Plastometer) and F.S.I. 
characteristics are considered as many samples went off scale during 
dilatometer tests ( 300% C.R.A.N.Z.; 400%C.C.I.). Maximum fluidity 
and initial softening temperatures (I.S.T.) exhibit an inverse 
relationship (Figure 9.3). The term "fluidity" in both text and diagrams 
refers to maximum fluidity.
Within seam profiles, highest fluidity values and free swelling indices 
occur at either the top or bottom of the seam. In many instances 
both the uppermost and lowermost parts have high fluidity values whilst 
at the centre of the seam fluidities are relatively low. Highest fluidities are 
in the range of 49,500 d.d.p.m. (logioF 4.7, InF 10.8; Table A3.6).
Rheological properties and in particular fluidity, are very sensitive 
to weathering (cf. liquefaction behaviour, Senftle and Davis 1984). 
Small within-seam changes in fluidity may reflect either slight weathering 
or inherent characteristics of the coal. Severe weathering is 
recognisable by a combination of markedly lower fluidities, lower 
F.S.I. and an increase in moisture content. Large within-seam changes in 
fluidity accompanied by high and similar F.S.I. and low moisture are 
indicative of the influence of inherent characteristics of the coal (Table 
9.7; see also Marchioni 1983).
Vitrinite Reflectance
Seam profiles from throughout the Brunner Coal Measures in seams 
of greater than 1.5 metre thickness often, but not always, exhibit an 
upward decrease in mean reflectance (Fornax). Most of the data 
illustrating this occurrence comes from the Millerton and Rockies, and to
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a lesser extent the Webb/Baynes and Stockton areas, Buller 
Coalfield (Table A3.1a-d). In many instances there is a difference of 0.1% 
reflectance between top and bottom of a seam. Within-seam 
reflectance differences of a similar magnitude have been recorded from 
other parts of the same or other coalfields (e.g. Charming Creek, 
Garvey Creek, Table A4.1). In one exceptional instance there is a 
difference of Romax 0.3% between a thick seam (Romax 1.40) and an 
overlying seam split (Romax 1.10); the vertical separation is only 15 
metres (DH 1263, Rockies Table A3.1b). In the southeastern part of the 
Webb/Baynes area there is a minor decrease in vitrinite reflectance 
from the middle to the bottom of the seam (Table 9.2; see also DH’s 
1226,1230, Table A3.2).
The changes in reflectance occur in each of the vitrinite macerals 
telocollinite, desmocollinite and corpocollinite and the amount of 
change in each group in each seam profile is about the same (e.g. Table 
A3.1 a). There is also a corresponding shift in the range of reflectance.
Summary of Within-Seam Trends and Parallel and Inverse 
Relationships
Many seam profiles are characterised by a decrease in 
reflectance from the base or middle, to the top of the seam. Minor 
decreases in reflectance may also be present from the middle to the 
base of the seam. Vertical within-seam decreases in reflectance are 
generally accompanied by increases in volatile matter yield, fluidity and 
organic sulphur content. In the Webb/Baynes area upward decreases in 
reflectance (or decreases in volatile matter yield and H/C atomic ratio), 
are often accompanied by an increase in nitrogen content.
217
BIVARIATE AND MULTIVARIATE RELATIONSHIPS
This section is ultimately directed toward establishing whether or not 
within-seam changes in organic sulphur are causally or casually related 
to within-seam changes in rheological properties and vitrinite 
reflectance. Relationships between the various parameters have been 
determined utilising bivariate and multivariate methods of analysis. 
Bivariate analysis is eminently suited to those controlled situations where 
the effects of one variable on another can be assessed by holding 
all other factors constant. However it is less potent in assessing those 
situations where many factors may be acting collectively (either 
independently or interactively) and differently (linearly versus various 
forms of non-linearity). In these situations multivariate techniques are a 
more appropriate means of analysis, although they may also have 
inherent limitations due to stringent requirements in relation to the quantity 
and quality of the data.
In bivariate and multivariate analysis, the strength of any 
relationship between dependant and predictor variables is indicated by 
the correlation coefficient (r). The correlation coefficient is a measure 
of the closeness of fit between the actual values and the values 
predicted by the regression equation that minimises the corrected 
sum of squares of the differences between the actual and predicted 
values.
In multivariate analysis the effect on r of adding an additional predictor 
variable can be observed. In this regard the square of the correlation 
coefficient, r2, is a considerably more useful parameter, as it is 
amenable to a variance test that indicates the statistical significance of 
both r2 and the increase in r2.
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The magnitude of the regression coefficient based on raw scores, 
offers a direct comparison of the relative influence of changes 
associated with the predictor variables. Similarly, regression 
coefficients of iso-rank changes in the magnitude of serial pairs 
provide an indication of the relative contribution of predictor variables. 
Both methods, for instance, allow a direct comparison of the possible 
influence of the changes in properties associated with a 1 % change in 
volatile matter yield and a 1% change in organic sulphur. The latter 
technique is also a convenient way of visualising and computing effects 
that are type related as the predictor variables, and in particular volatile 
matter yield, are normalised with respect to rank. (In the absence of 
igneous intrusion it can be reasonably assumed that samples from the 
same drillhole and with a maximum separation of 20 metres are of the 
same rank.) Plotting iso-rank changes in variables provides a useful 
alternative to joining serial pairs on a bivariate plot of absolute values of 
the variables such as various authors (e.g. Suggate 1956, Newman 
1984) have used to illustrate the effects of type. When dealing with 
two linear predictor variables (and three dimensional space), it is 
certainly much easier, both visually and computationally, to use points 
rather than numerous lines of different orientation. However the method 
is only useable if predictors are linear. If the predictor variable is 
polynomial or is exponential, the relationship between differences in 
predictor and dependant variables is not constant as the dependant 
variable depends on the absolute value of the predictor variable from 
which the changes were calculated.
p
A high contribution to r  by a predictor variable cannot in itself be 
taken as unequivocal evidence for a causal relationship. However it may 
substantially support the case for one on the basis of other knowledge.
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The computations in the following sections were performed using a 
packaged program ’Minitab’ (Ryan et al. 1982; Department of 
Mathematics, University of Wollongong 1986). The background to the 
statistical methods is covered in many general tests (e.g. Krumbein and 
Graybill 1965; Davis 1973; Edwards 1976; Thorndike 1978). In 
determining the number of samples for inclusion, the desirability of using 
a minimum of ten times the number of samples as there were predictor 
variables (as suggested by Edwards 1976), had to be balanced against 
selection criteria (e.g. minimal weathering, low ash content).
An alternative means of investigating the contribution of two 
predictor variables is to contour the dependant variable on a graph 
where the two axes are the predictor variables (trend surface 
analysis; see Davis 1973).
Volatile Matter Yield and H/C
The best measure of relative hydrogen content in coal is the H/C ratio. 
A high correlation between volatile matter (d.m.m.1/2s.f.) and H/C (Figure 
9.4) indicates volatile matter yield is a reasonable substitute for H/C 
that can be used as one of a number of predictors of vitrinite reflectance 
and fluidity. This indirect approach is necessary to form a data set of 
sufficient size because outside of the Webb/Baynes area H/C data are 
only available for some plies. To ensure that both the effects of 
weathering, and the contribution of H/C and volatile matter yield from 
mineral matter have little effect on the volatile matter yield vs H/C plot, 
plies, for the most part, have been restricted to those with F.S.I. ^9+, 
moisture ^1.2% and ash <5%. The data base is predominantly 
comprised of plies from the Webb/Baynes area and some from both the 
Millerton and Stockton areas (Table A3.9).
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Vitrinite Reflectance vs V.M. and S
The relationship between vitrinite reflectance and predictor 
variables volatile matter yield and organic sulphur were studied using both 
absolute values of parameters and up-seam changes in the iso-rank 
parameters of serial samples. From a data base of 50 vitrinite 
iso-rank serial pairs, a subset was selected with each sample (in a pair), 
comprising a minimum of 50 vitrinite reflectance measurements (pro-rata 
basis), F.S.I. $s9 and a maximum ash yield of 8.5%. To meet these 
specifications and obtain a subset of more acceptable minimum size, 
some vitrinite reflectance measurements made by Newman (1984) were 
included (Table A3.5). Whilst two operators may obtain different results 
for absolute values, it is assumed that their errors are consistent and 
that cancelling of error differences is an automatic consequence of 
plotting changes in parameters. Stringent specifications with 
regard to both weathering and mineral matter were also applied to the 
data base comprising absolute values (Table A3.4).
The population of twenty two absolute values of vitrinite 
reflectance, volatile matter (d.m.m.1/2s.f.) and organic sulphur, and 
seventeen values of changes in vitrinite reflectance, changes in volatile 
matter yield and changes in organic sulphur appear to be normally 
distributed when plotted graphically (Figure 9.7d). Flowever the 
consequence of imposing stringent specifications is that the 
populations are too small to test for a normal distribution using the 
chi-square test (which requires a minimum of five samples per class and 
four classes ). Furthermore the level of significance associated with the 
increase in r2 cannot be tested using the increase in the F-ratio statistic. 
The populations of changes in vitrinite reflectance, volatile matter 
yield and organic sulphur from the enlarged data base comprising 50 
iso-rank serial pairs are normally distributed (Table 9.7). By relaxing the
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stringency of specifications it has been possible to create a data base 
amenable to testing using the F-ratio statistic.
The correlation coefficient using absolute values of volatile matter 
yield as a predictor of R0max (and In R0max) is very high (r2 = 0.93; 
Figure 9.5c). The effect of including organic sulphur only marginally 
increases the correlation coefficient (Table 9.4). Changes in vitrinite 
reflectance of serial samples are also reliably predicted by changes in 
volatile matter yield (Figure 7.8a,b). The addition of a term for organic 
sulphur (Tables 9.4 and 9.6) only produces a very minor increase in r2 
in the sub-set of 17 iso-rank pairs that meet stringent specifications for 
inclusion. The addition of organic sulphur as a predictor variable 
produces an increase in r2 of 0.06 that is significant at the 95% 
confidence level in the total sample comprising 50 iso-rank serial pairs. 
However the r2 value of 0.84 is the same as for the sub-set. It appears 
that the statistically significant increase in r2 associated with the addition 
of the sulphur term is an artefact of the relatively low r2 associated with 
volatile matter yield as the first predictor, which is in turn a result of 
using much less stringent specifications.
The regression equations (1,2,14-17, Table 9.4) have a very 
consistent volatile matter yield coefficient which indicates that a 1 % 
increase in volatile matter (d.m.m.1/2s.f.) is associated with a 0.03% 
decrease in vitrinite reflectance. The regression coefficients also indicate
that a 1% increase in sulphur is associated with a 0.004 to 0.01%
decrease in vitrinite reflectance.
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Initial Softening Temperature (I.S.T.), Maximum Fluidity (InF), Volatile 
Matter (d.m.m.1/2s.f.) and Organic Sulphur
The relationships between rheological properties (fluidity and initial 
swelling temperature) and volatile matter yield and organic sulphur, from 
a suite of samples from the Webb/Baynes, Millerton, Stockton and 
Rockies areas (Buller Coalfield) were studied using both absolute values 
and iso-rank changes in parameters. The volatile matter yield and 
initial swelling temperature populations are normally distributed (Table 
9.7). The differences between the observed and expected 
frequencies of the organic sulphur population are also sufficiently small for 
the population to be considered normal if the class intervals selected for 
testing are slight different to those that depict a high frequency in the 
range 0.5-1% organic sulphur (Figure 9.6). The fluidity population (InF) 
is strongly skewed and exhibits a marked tendency to bimodality. It is 
not amenable to transformation to a normal distribution and F-tests of 
signficance are not applicable. The population of changes in initial 
swelling temperature, changes in volatile matter yield and changes in 
organic sulphur appear, when presented graphically, to be normally 
distributed (Figure 9.9d); however there are insufficient samples to test 
for a normal distribution using the chi-squared test.
The correlation coefficients between the dependant variables fluidity 
(In F) and initial swelling temperature (I.S.T.) and the predictor variable, 
volatile matter yield, are very low (Figures 9.6, 9.7, 9.8, Table 9.5). 
Subsets comprising low organic sulphur coals have considerably higher 
coefficients (Table 9.5). Changes in organic sulphur (ASo), as judged by 
the correlation coefficient (Table 9.5, Figure 9.9), are a better predictor 
of changes in initial swelling temperature (AI.S.T.) than changes in volatile 
matter (AV.M.). If the A|.s.T., A\/.M. and ASo populations could be 
demonstrated to be normal via the chi-square test, then a comparison
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of the confidence levels associated with the addition of the sulphur 
term to the volatile matter term versus the addition of the volatile matter to 
the sulphur term could be both valid and instructive. In any regression 
involving changes in a parameter the constant term should be zero 
with the intercept at the origin. The constant associated with the change 
in the sulphur (only) regression is 0.69 whereas the constant associated 
with the volatile matter yield regression is 11 (Table 9.6). The marked 
difference in compliance with inherent constraints suggests that 
iso-rank changes in sulphur are a better predictor of linear changes in 
I.S.T. than changes in volatile matter yield.
Successive inclusion of both sulphur and polynomial (cubic) 
expressions for sulphur provide a progressive increase in the 
correlation coefficient for prediction of In F and I.S.T. For I.S.T. the 
increases are significant to at least the 99.9% confidence level (Table 
9.5). The removal of six samples with the highest standard residuals 
from the data base produced a large increase in the correlation 
coefficient (Table 9.5).
In plots of I.S.T. vs volatile matter yield and In F vs volatile matter yield 
(Figure 9.5), the dependant variables tend to form two clusters 
depending on whether or not organic sulphur is greater or less than 
2%. This suggests that the relationships with sulphur are non-linear and 
the curve may be sigmoidal. There are several model functions which 
might approximate this. These include Gompertz and Logistic functions 
(Ratkowski 1983; Batschelet 1979) and cubic polynomials (between 
the turning points of two maxima, one of which touches the origin). As a 
first approximation only a cubic polynomial has been considered here.
In all the linear equations with two variables (equations 7,12, 20
Table 9.6), the regression coefficents suggest that a 1 % change in
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organic sulphur is associated with higher changes in I.S.T. and InF than 
a 1 % change in volatile matter yield.
Organic Sulphur vs Moisture
In a plot of organic sulphur (So) vs moisture, consistency in slope 
of lines joining serial pairs of generally similar rank indicates 
considerable dependance of moisture on sulphur content. 
Invariably, highest sulphur contents, whether they occur at the top or 
bottom of the seam, (Figures 9.10a,b, respectively) are associated with 
low moisture contents. In many instances the relatively high moisture 
contents at the top of the seam might equally be attributed to slight 
weathering (Figure 9.10b; see also UG8/1, Table 9.3). However the 
consistency of the slopes joining serial pairs and the common 
occurrence of relatively low moisture at the top of the seam (Millerton, 
Figure 9.10a) suggest weathering is not the predominant factor. In 
plotting moisture against carbon content of limited range (and 
approximating iso-rank conditions), Brooks (1956) has also noted the 
general tendency for coals high in organic sulphur to have low moisture 
contents.
Organic Sulphur and Nitrogen
Serial samples of composite plies from drillholes in the 
Webb/Baynes area indicate a very consistent relationship between high 
organic sulphur and relatively low nitrogen content. This occurs 
regardless of whether the composites with high sulphur occur at the top 
or base of the seam, or both (Figure 9.11 a-c; see also additional profiles 
in Table A3.10). Within-seam differences are commonly of the order of 
0.1 to 0.2% but may be up to 0.3%. The data comprise a small range of 
fixed values and consequently regression has not been attempted.
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However it would appear the differences in nitrogen are roughly 
proportional to the differences in sulphur. A similar association of 
high sulphur and relatively low nitrogen content also occurs in the 
Millerton and Stockton areas (Figure 9.11 e,f; this is based largely on 
the availability of one ultimate analysis per seam intersection, cf. 
Webb/Baynes area above). The relatively small diluent effects of 
sulphur which by themselves produce a comparatively small inverse 
relationship, have been accommodated by utilising nitrogen contents 
calculated on a dry ash and sulphur free basis (d.a.s.f.). Nitrogen is 
concentrated with progressive coalification (e.g. see artificial coalification 
experiments of Saxby et al. 1986, Table 3), and it is therefore most 
probable that the within-seam differences in nitrogen are higher than 
what they were at the peat stage.
Sulphur/Carbon Versus Oxygen/Carbon Ratios (S/C vs O/C)
The similarity in slope of lines joining serial pairs in a plot of S/C vs 
O/C (Webb/Baynes area) indicates considerable dépendance of oxygen 
on sulphur content (Figure 9.12b). Moreover as the plots are of atomic 
ratios and the slopes approximate -1, this suggests that organic sulphur 
substitutes for oxygen approximately on a 1:1 basis.
The relationship in which high organic sulphur is accompanied by low 
"oxygen" is surprisingly consistent (Figure 9.12b) given that oxygen 
has been determined by difference and includes the sum of errors for 
C,H,N and S. The relationship would be questionable if it could be
shown that the sum of errors made a large contribution to "oxygen" 
and that these largely originated from sulphur determination.
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INTERPRETATION AND DISCUSSION
Origin of Sulphur and Nitrogen Distribution in Brunner Coals
The general occurrence of high sulphur content in close proximity to 
marine beds (Wellman 1957; Suggate 1959), and the common 
association of high sulphur coal with sandstone roof and low 
sulphur coal with thick mudstone roof (Figure 9.1), is compelling 
evidence for the introduction of sulphur via downward percolation of 
marine waters into freshwater peats. Similar observations and 
interpretations on the occurrence of sulphur have been made in the 
Palaeogene sequences in Japan (Shimoyama 1984). There are 
however some reasonable grounds to postulate the occurrence of 
brackish water within peats at the time of peat formation and question the 
mechanics and assumptions of downward percolation.
The inverse relationship between nitrogen and sulphur may offer 
some insight into the problem. Within-seam variation in nitrogen 
content is most likely to have been inherited from original peats. The 
alternative is that nitrogen was preferentially lost in high sulphur coals 
during coalification. There are no studies known to the author that 
support this contention. Under normal circumstances nitrogen is 
enriched because it is immobile. If nitrogen content is determined by the 
chemical environment of peat, and sulphur is related to nitrogen, then it 
is very likely they are influenced by a common factor.
Freshwater low-moor peats are relatively high in nitrogen and have a 
nitrogen content higher than the plants that formed them. This results 
from incorporation of inorganic nitrogen in bacterial proteins that would 
otherwise be assimilated by living plants (Waksman and Stevens 1929). 
The transition from freshwater low-moor to Sphagnum peats is
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characterised by a decrease in nitrogen as a result of the low nitrogen 
content of Sphagnum and the low bacterial activity associated with 
high acidity (Waksman and Stevens 1928,1929). As trees also have 
low nitrogen contents (Levi and Cowling 1969) similar transitions from 
low-moor to high-moor forest peats could also be expected to exhibit a 
high to low transition in nitrogen content. It is reasonable to assume that 
the lowermost part of the Brunner seams were deposited in a low moor 
setting. However, unlike the freshwater peat systems described above, 
the lowermost part of Buller coal seams are characterised by a relatively 
low nitrogen content. In brackish environments not only are conditions 
ideal for the incorporation of organic sulphur but connection with the sea 
may be the reason for the concomitant decrease in nitrogen. Various 
studies of salt marshes have indicated that there can be a net export of 
ammonium, nitrate, nitrite and dissolved organic nitrogen to adjacent 
estuaries (Heinle and Flemer 1976; Valeila et al. 1978). In this situation 
it can be expected that the amount of sulphur incorporated into peats 
will be related to the amount of nitrogen removed from the peat 
ecosystem insofar as both reflect the occurrence and extent of 
flooding by seawater.
Suggate (1959) has also noted the inverse relationship between 
nitrogen and sulphur in other New Zealand coals (e.g. Mid-Canterbury) 
and that with increasing distance from marine beds (tens to several 
hundred metres), sulphur decreases and nitrogen increases (e.g. 
Kaitangata, Waikato).
There are situations where a component of lateral introduction of 
sulphur would offer a better explanation than simple downward 
(vertical) percolation. For example in many parts of the Webb/Baynes
area the seam has a mudstone roof and low sulphur content whilst the
basal part of the seam has a high sulphur content (1.3%). In the
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Rockies area (e.g. DH’s 1258,1 2 6 2 ,1265,1269) there is a regular 
increase in sulphur toward the base of the seam even though this 
interval contains mudstone bearing clastic splits.
From a geological perspective it is reasonable to postulate that the 
high sulphur content at the top and base of thick seams reflects a 
brackish origin rather than the controls of downward percolation. If it is 
assumed that both brackishness and frequency of inundation by 
exceptionally high-tides are proportional to the distance from the sea in 
a transgressive setting and that Walthers Law is applicable, then an 
inverse relationship between distance from marine beds and sulphur 
content could be expected without having to invoke downward 
percolation. It is possible that high sulphur content may be the only 
record of a temporary marine incursion.
Since the overview of New Zealand coals by Suggate in 1959 there 
have been numerous geochemical and microbiological studies of sulphate 
sulphide systems in peat, brackish and marine sediments (e.g. 
Altschuler et al. 1983; Cohen et al. 1984; Given and Miller 1985; 
Casagrande and Ng 1979; Casagrande and Siefert 1975; Casagrande 
et al. 1977, 1979, 1980; Berner 1984; see also short course notes of 
Gautier et al. 1985). These studies indicate that conditions for the 
formation of organic and/or pyritic sulphur in brackish-marine 
sediments or peats are optimal within several metres of the 
sediment/peat surface. The following paragraph outlines why downward 
percolation from marine environments, except where marine sediments 
are within several metres of Buller coals, is most unlikely to have 
contributed to high sulphur in the Brunner coals.
The formation of organic sulphur and/or pyrite requires the 
presence of sulphate reducing bacteria to form sulphide species.
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Brackish waters provide optimal pH conditions for sulphate reducing 
bacteria and a source of sulphate. Sulphide species react with Fe2+ , if it 
is available, to form pyrite (or its precursors), or humic material to form 
organic sulphur. In modern marine sediment profiles, given an adequate 
supply of organic matter and Fe2+ , almost all sulphate and sulphide 
is consumed in the formation of pyrite within several metres of the 
sediment-water interface. Even if circumstances are favourable for 
downward percolation of sulphate (as might be expected for example 
in the porous sandstones of the Brunner Coal Measures and locally in 
basal parts of the marine Kaiata Formation), bacterial activity, and hence 
the production of sulphide species (HS", H2S), diminishes rapidly within 
several metres of the sediment surface. Assuming reactive sulphide 
species generated in the surficial zones of high bacterial activity, were 
able to migrate through porous sandstone, above and down to the Buller 
Seam Member, it is conceivable that sulphide species could introduce 
sulphur into the top of the peat. However it is difficult to reconcile 
downward percolation of reactive sulphide species with low sulphur 
contents toward the middle of the seam (e.g. 0.6% DH 1220, 
Webb/Baynes area) and high sulphur content at the base.
Many profiles of the Buller Seam Member exhibit high sulphur 
contents at the top and bottom and low sulphur in the middle of the 
seam. The high sulphur parts of the seam are inferred to represent low 
moor peats that were flooded by brackish waters whilst the coals with 
low sulphur content (0 .6 -1 .1%), on the basis of their low ash yield (2%; 
see above), represent high moor ombrophilous peats. Ombrophilous 
peats are characterised by low pH unfavourable for sulphate 
reducing (and other) bacteria and although sulphate is the dominant 
anion, total ionic concentration of their waters is very low (Moore and 
Bellamy 1976). It would be reasonable to expect the sulphur content 
of the ombrophilous coals toward the middle of the seam to be very
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low (e.g. less than 0.35) as are some other New Zealand coals (see 
Table 6, Suggate 1959). If downward percolation is an unacceptable 
origin for sulphur in the middle of the seam, then it is possible salt-spray 
was the source of sulphate. In some climatic settings where the 
prevailing winds are onshore, sea-spray can contribute significantly to 
the ionic composition of mire waters (Moore and Bellamy 1976; Wardle 
et al. 1973).
Downward percolation through clastic units provides a ready 
explanation of the lateral transition from a low sulphur coal and 
mudstone roof to a high sulphur coal and sandstone roof over several 
hundred metres in the Webb/Baynes area. However, there is an 
alternative explanation. If in the terminating stages of peat 
accumulation, drowning of the peat was not uniform (perhaps as a 
result of local peat compaction - Chapters 4 and 5), it is conceivable that 
areas that drowned relatively early, whilst overlying waters were fresh, 
became insulated from the later introduction of sulphate-bearing 
brackish waters by a layer of mud. Sulphur was incorporated in peat 
that formed the last vestiges of the emergent peat when it eventually 
drowned; these areas subsequently accumulated relatively thin muds 
that were susceptible to complete erosion by later channelling 
processes.
Up to this point the discussion has centred on the BullerSeam 
Member where, in general, sulphur is very high at the top and base but 
low toward the centre (often less than 1%). Whilst there is a 
substantial case for postulating brackish peat deposition at the 
beginning and end of peat deposition to account for this distribution, this 
cannot be applied to situations where sulphur is high (1.5%) throughout 
seams of 6-12 metre thickness (e.g. New Creek, Charleston).
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Sulphur isotopes may provide some indication of the primary verus 
secondary origin of organic and pyritic sulphur (e.g. Smith and Batts 
1974; Westgate and Anderson 1984; see Chapter 2, Part B). Existing 
isotope data from Brunner coals comprise only three whole-seam samples 
from different areas. They exhibit a wide range of fractionation (Gould 
et al. 1985). It is possible that with a more comprehensive data base 
some consistency in extent of fractionation in relation to characteristics of 
sulphur distribution and geological setting may emerge.
Detailed palynological investigations of the base (of. Anderson and 
Muller 1975) and upper parts of the seams have the potential to 
substantiate or refute the case for brackish peats.
Origin of Perhydrous Vitrinites and Within-Seam Variation in Vitrinite 
Reflectance
The high correlation between vitrinite reflectance and volatile matter 
yield and within-seam changes in these parameters, suggests that 
reflectance in the high-medium volatile bituminous Buller coals as is 
probably true for all coals) is primarily related to aromaticity of vitrinite 
(see Chapter 2, Part B). This statement assumes that in low exinite 
coals, volatile matter yield of "whole coal samples" is a reliable measure 
of aromaticity of vitrinites.
In comparison with many of the world’s coals, organic sulphur 
content in parts of the seam in the Buller Coalfield is high. 
Regression equations indicate that the effect of a 1% change in 
organic sulphur on vitrinite reflectance, compared with a 1% change in 
volatile matter yield, is negligible. Incorporation of a sulphur term in 
the regression equations only results in a small increase in the 
correlation coefficient. This may in part reflect the inadequacies of
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using a sampling and analytical programme that is not specifically 
tailored to investigate the influence of sulphur. In a study of high vitrinite 
coals from various parts of the United States, and over a wide rank 
range, Neavel (1981) has indicated vitrinite reflectance can be predicted 
from total elemental composition (r2 = 0.94). Furthermore his prediction 
equation is of exponential form and the effect of high sulphur is 
significantly higher than suggested by the correlation coefficients of this 
study. It is unfortunate for the purpose of comparison that samples from 
the Webb/Baynes area did not form the basis of vitrinite reflectance 
studies as ultimate analyses are available for all samples. Not only can 
N and S be accommodated but the effect of hydrogen content can be 
incorporated as H and C or H/C rather than as volatile matter yield 
with its multitude of correction factors. Newman (1984, Appendix 1), 
in employing a bivariate approach to the Webb/Baynes data base, has 
dismissed the possible influence of organic sulphur.
The basis for testing the influence of organic sulphur is the 
possibility that it has the capacity to modify reflectance by modifying 
aromaticity. If, for example, in a high sulphur coal, a large proportion 
of the organic sulphur is thiophenic, then the replacement of two 
carbons in a six ring structure with one sulphur in a five ring structure 
will lower the aromaticity (see also Neill et al. 1987). It is therefore 
possible that coals with identical H/C ratios and volatile matter 
(d.m.m.1/2s.f.) can have different aromaticities and different vitrinite 
reflectances, that will in part be related to the forms and amount of 
organic sulphur. Along with a more detailed knowledge of the forms of 
organic sulphur in coal (see Chapter 2, Part B), this possibility warrants 
further investigation.
Apart from some seams in the Greymouth area (discussed below) 
the low exinite contents of the Brunner coals indicate the generation of
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hydrocarbons from exinite cannot be a factor influencing vitrinite 
reflectance (cf. Hutton and Cook 1980; Kalkreuth 1982; Goodarzi 
1985). Moisture content (0.9-1.6%) is too low to have had any effect (cf. 
Suggate and Lowery 1982); moreover the small within-seam 
increases in moisture (which appear to be inversely related to sulphur 
content) are associated with increases in reflectance. No 
relationship exists between roof lithology and the occurrence of 
reflectance decreases in the top of the seam (cf. Jones et al. 1971). The 
most plausible explanation for within-seam variation in volatile matter 
yield and vitrinite reflectance appears to be differences in the extent of 
anaerobic decay processes during peat deposition.
Anaerobic decay is promoted by the mildly alkaline conditions 
associated with low moor peats and inhibited by the acidity of high 
moor peats. Brackishness may increase the pH of low moor peats and 
enhance anaerobic decay processes. The incorporation of bacterial 
cell remains, and compounds generated during anaerobic fermentation 
that are not metabolised by sulphate reducing bacteria or methanogens, 
are responsible for the perhydrous characteristics of some peats.
The transition from high-moor freshwater to low-moor peats is likely 
to be accompanied by an increase in alkalinity and anaerobic conditions. 
These factors may contribute to an increase in hydrogen-rich 
compounds incorporated in humic material and are inferred to be 
causative factors in the decrease of vitrinite reflectance from the 
middle to upper parts of many Brunner seams. The high organic sulphur 
content of the uppermost parts of many Brunner seams suggests that
peats were brackish. Alternatively brackish waters permeated the 
peat by downward percolation whilst peats were very close to the 
surface and within the depth limits of anaerobic bacteria.
234
High-moor peats evolve from low-moor peats (which may be 
brackish, e.g. Anderson and Muller 1975; Styan and Bustin 1983). The 
lowest part of Brunner seams must be at least partly of low-moor 
origin; moreover sulphur and nitrogen characteristics (above) suggest 
they may have been brackish. As soon as high-moor conditions evolve, 
there is the potential for downward migration of relatively acid waters 
to arrest or retard anaerobic bacteria in underlying low-moor peats.
This is inferred to be the primary reason why differences in vitrinite 
reflectance between the middle of the seam (high-moor) and the base 
are slight or absent (of. middle and top of the seam). The differences are 
in marked contrast to the low-moor phase associated with drowning of 
the top of the peat where pore and descending waters (particularly if of 
marine origin) were relatively alkaline. Given equal subsidence rates in 
both low-moor phases at the beginning and end of peat accumulation, 
anaerobic decay processes are more likely to have persisted for longer 
periods, and were more intense at the top of peat as they were not 
arrested by acidic waters from an overlying high moor phase (cf. the 
base of the peat). Part of the reason that these downward decreases in 
vitrinite reflectance are comparatively small may also be that the 
low-moor phases are not as thick as the basal sampling intervals (plies) 
and differences in vitrinite reflectance have been averaged.
The extent to which anaerobic decay processes and perhydrous 
characteristics have been enhanced by brackish water is difficult to 
determine. The occurrence of within-seam differences in vitrinite 
reflectance in seams with very low sulphur (e.g. DH’s 1225, 1226 
Webb/Baynes area; basal seam Island Block, Garvey Creek) suggests the 
presence of brackish waters is not an absolute pre-requisite. Brackish 
waters depleted in sulphur species may have migrated downward and 
effected an increase in pH and enhanced anaerobic processes. However, 
in the absence of other evidence, this remains conjecture. It is
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instructive to compare vitrinite reflectance features of the Brunner Coal 
Measures, with those of the Paparoa Coal Measures as the latter do not 
exhibit any contiguous relationship with marine units nor any evidence for 
brackish conditions.
In the Paparoa Coal Measures at Pike River there is an upward 
inter-seam increase of 0.15% Romax that occurs over an interval of 50 
metres (Newman and Newman 1982). Low vitrinite reflectances are not 
consistently associated with sandstone roof (Table 4.4, Newman 1985b) 
and therefore cannot be attributed to localised changes in geothermal 
gradient (cf. Jones et al. 1971). Seams w ith ’high’ reflecting vitrinites 
differ from those with ’low’ reflecting vitrinites in that they exhibit low 
ash, an absence of ’chuckies’ (clastic pebbles), autochthonous 
inertinite and inertinite-rich layers. On this basis Newman (1985b) 
attributes seams with high reflecting vitrinites to "accumulation in well 
drained swamps which were not subject to persistent high water levels" 
and thus "more oxygenated". Several instances of within-seam 
differences in reflectance of the order of 0.04-0.06% have been 
reported (Table 4.1, Newman 1985b) but these remain to be investigated 
in detail. The inter-seam differences in vitrinite reflectance in the Paparoa 
Coal Measures appear to be related to inter-seam differences in inertinite 
content. In contrast, Brunner coals and some Paparoa seams in which 
within-seam differences in vitrinite reflectance have been reported, 
exhibit a consistent and low proportion of inertinite throughout seam 
profiles.
It would appear from the above discussion, although it cannot be 
demonstrated, that within-seam differences in vitrinite reflectance in 
Brunner coals are due to pH controls whereas inter-seam (iso-rank) 
differences in Paparoa Coals are due to differences in Eh conditions. 
From theoretical considerations developed above and assuming factors
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other than Eh or pH are equal, and that peat water tables are static 
rather than fluctuating, the following iso-rank trend in vitrinite 
reflectance can be postulated (brackish low-moor freshwater low-moor 
relatively "wet" high-moor relatively dry high-moor). The series 
represents a decrease in anaerobic conditions and an increase in 
oxidising conditions associated with a range and natural succession of 
peat environments. With regard to this spectrum, iso-rank 
reflectances in the Paparoa Coal Measures range from average to 
relatively high whereas the Brunner coals include many that are 
relatively low.
The low vitrinite reflectance of Brunner coals in the coastal region of 
the Greymouth Coalfield may in part be due to their very high exinite 
content (cf. Hutton and Cook 1980; Kalkreuth 1982; Goodarzi 1985). 
The abundance of exsudatinite in comparison with all other Brunner coals 
(and coals in general!) attests to the significant generation of bitumens 
during coalification. However, the higher sulphur and immediate 
proximity to the marine Island Sandstone, suggests pH conditions 
promoting enhanced anaerobic decay was also a contributing factor.
The reason for the occurrence of low reflecting telovitrinites in 
carbonaceous mudstone lithologies at the base of the Mangatini Seam 
Member is not known. One possibility is that these macerals were 
roots or rhizomes with a different composition to other woody 
material. It is also possible they represent micro-sites of intense 
anaerobic activity related to the prolific bacterial populations in the 
immediate vicinity of the root.
Although enhanced anaerobic decay provides a satisfactory 
explanation of many features, the reason vertical within-seam 
differences in reflectance range from negligible to considerable
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(Romax 0.15%) over lateral distances of the order of several hundred 
metres is not readily explained.
Origin of High Fluidity and Vertical Within-Seam Variation in 
Rheological Properties
Coal is an extremely heterogeneous and complex substance. 
Despite considerable research effort, understanding of coal structure is 
far from complete. A popular representation of the molecular structure 
of coal is that of clusters of aromatic nuclei joined by C-H linkages.
More or less aligned clusters comprise packets (micelles) which are held 
together by hydrogen bonding, van der Waals forces, and methylene and 
etheric oxygen bridges (Neavel 1982; Speight 1983). Other models 
include extended cycloalkanes with diamond-type skeletal linkage of 
successive layers (Davidson 1982).
Solvent extractable, low molecular weight compounds formed after 
the lignite stage and trapped within the pore structure (Davidson 
1982), appear to be of fundamental importance in the development of 
plastic behaviour. There is considerable debate as to what 
proportions of small molecules occur within the macromolecular network 
(Given et al. 1986). The general view is that low molecular weight 
compounds melt initiating plasticity. In addition they solvate or 
lubricate micelles.
With increasing temperature, and bond rupture, more low 
molecular weight compounds form. At the same time molecules with free 
radicals (unpaired electrons) and formed by bond rupture due to 
pyrolysis, are prevented from repolymerising by the hydrogen-donor 
capacity of the mobile low molecular weight compounds. Loss of 
volatiles occurs during heating. Eventually the hydrogen donating
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capacity of low molecular weight compounds is exceeded. Molecules 
with free radicals combine with large molecules, plasticity is lost and a 
coke forms (Grimes et al. 1982; Green et al. 1982).
Oxygen tends to promote cross-linking and lower plasticity, 
particularly when it is present as hydroxyl groups (Neavel 1982). The high 
plasticity of sulphur-rich lignites from Rasa (Yugoslavia), which would 
normally be assessed as non-coking, has been attributed to several 
factors (Ignasiak etal. 1978). These include the uniform and relatively 
low molecular weight of clusters, the low content of hydroxyl (and 
thiophenol) groups, and the incorporation of a large proportion of 
C-S-C bonds (the bond energies of C-S and C-C bonds are respectively 
61 and 83 kcal/mole). The relatively low softening temperatures of high 
sulphur coals (compared with coals of the same carbon contents and 
higher oxygen contents) have been attributed to the reduction of 
intermolecular hydrogen bonding associated with the replacement of 
oxygen by sulphur (Brooks 1956). High sulphur coals tend to have high 
liquefaction yields (e.g. Davis et al. 1983); this might reflect the ease of 
bond rupture associated with organic sulphur and/or a catalytic effect 
of pyrite.
In a multiple linear regression analysis of high volatile bituminous 
coals from the United States (most from Kentucky), three term 
expressions were derived that estimated maximum r values of 0.90 to 
0.92 (Lloyd et al. 1984). Variables that provided a measure of inherent 
"bitumens" that subsequently formed low molecular weight pyrolysis 
products were found to be important predictors. Organic sulphur of 
these coals was generally below 2%; it was among those variables 
eliminated in a preliminary regression to reduce the starting field of 
57 independent variables. However it is to be expected that by itself, 
and in comparison with rank dependent variables, organic sulphur will
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have little predictive power. It is unfortunate that the significance of 
adding organic sulphur to existing variables was not tested. Previous 
studies in the United States have indicated a general or specific 
association of high plasticity and high organic sulphur (e.g. Waddell 
et al. 1978; Senftle and Davis 1981).
In addition to the presumed presence of low molecular weight 
compounds, it appears organic sulphur made a signficant contribution to 
the lowering of initial softening temperature and increases in fluidity in 
the Brunner coals. The basis of this contention is that incorporation of 
sulphur (after volatile matter yield) in multivariate regression equations 
contributes significantly to the prediction of fluidity and initial softening 
temperatures. A consistent inverse relationship between oxygen and 
sulphur in iso-rank serial pairs suggests that oxygen has been 
replaced by sulphur. However the functional groups in which oxygen 
have been replaced are not known and therefore the reasons for the 
influence of sulphur can only be speculated upon in the light of 
previous research (Ignasiak et al. 1978; Brooks 1958; above). The 
other significant result from this study is a strong indication that the 
effect of sulphur on fluidity (InF) and initial softening temperature is not 
linear. Where organic sulphur exceeds 2% there is a dramatic increase in 
fluidity. Increases in organic sulphur in the approximate range 2-4% are 
accompanied by a near linear increase in InF but beyond this there is little 
increase. The reason for what appears to be a "threshold effect of 
organic sulphur is not known.
Further insights into the effects of sulphur might be gained from a 
parallel study of rates of volatile matter yield evolution during the 
early-middle stages of pyrolysis (in volatile matter yield determinations the 
yield attributable to H-C sources is unlikely to be affected by sulphur as 
the reaction is essentially "driven" to completion). Multivariate
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techniques employing both volatile matter yield and sulphur predictors 
(and exinite if this is high and variable) would be eminently suitable 
for investigating the role of organic sulphur.
Buller coals have been and are likely to continue to be used as a 
component in coking blends and for this reason, the effect of organic 
sulphur on rheological properties deserves further investigation. 
Future studies should deliberately seek a large population of 
samples in the approximate range 1.5-2.5% sulphur. It is expected this 
will produce more fluidity values of intermediate range. For statistical 
purposes this will bring the fluidity populations closer to an ideal 
normal distribution. The present study has had to make the best of 
available data; the seam interval with 1.5-2.5% sulphur is often thin 
and the selection procedure for composite formation was biased 
against this range. Future studies might also encompass lower rank 
samples (in the vicinity of 0.6-0.7% Romax) where many coals are likely 
to exceed fluidities of 50,000 ddpm. To study these coals in detail it will 
be necessary to reduce the ASTM torque setting of the plastometer.
In summary it can be stated that there is a substantial theoretical 
and empirical basis for suggesting that vertical within-seam variation 
in rheological properties may be in part dependant on vertical 
within-seam variation in organic sulphur, and that exceptionally high 




The following summary contains an abbreviated synthesis the main 
results of both this study and previous work, and the interpretations 
that have been derived from this study; the conclusions are a 
summarised listing of the interpretive aspects that pertain to the aims and 
objectives outlined in Chapter One.
SUMMARY
Regional Geology and General Characteristics of the Brunner Coal 
Measures
The Brunner Coal Measures comprise a variable thickness of 
conglomerate, sandstone, mudstone and coal seams in numerous 
localities throughout North Westland. Most thickness variation can be 
attributed to fault-controlled differential subsidence. The thickest 
successions (Buller Coalfield 270 metres; Greymouth 100 metres; 
Reefton-Garvey Creek 100 metres) were deposited in areas that were 
also characterised by relatively high subsidence rates throughout the 
post-Brunner Eo-Oligocene period and consequently have high rank 
(Romax 0.70-1.7%). Prior to deposition of the Brunner Coal Measures, 
these same general areas in the Middle-Late Cretaceous were 
characterised by deposition of coarse alluvial fan and alluvial deposits 
(Hawks Crag Breccia, Topfer Formation and PaparoaCoal Measures) 
whose variable thickness reflects fault-related differential 
subsidence.
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The Brunner Coal Measures rest directly and unconformably on 
basement (sedimentary rocks of Palaeozoic age and their metamorphic 
equivalents; granite) and Middle-Late Cretaceous sedimentary rocks. 
They occur at the base of a transgressive sequence. Marine 
transgression appears to have progressed in a northerly direction as the 
Brunner Coal Measures and conformably overlying units (Rapahoe 
Group) are older in the southern part of the North Westland region.
Although some conglomerate units are polymictic and some 
sandstone units are sub-feldsarenites, the Brunner Coal Measures are 
generally very quartzose. The generally quartz-rich nature of 
lithologies reflects prolonged and intense chemical weathering 
associated with peneplain development, prior to and during 
deposition.
The Brunner Coal Measures are generally characterised by a seam 
that is laterally extensive and thick (generally 5 to 10 metres but locally 
up to 20 metres). The seam often exhibits a simple splitting geometry 
although locally complex multiple splitting may occur. Other seams, if 
present, are generally thin (less than one metre) and not extensive.
Brunner coals are generally very high in vitrinite. Inertinite content is 
invariably very low; fusinite is virtually absent. Exinite generally ranges 
from a 2% to 15%; in the western part of the Greymouth Coalfield a thin 
seam contains up to 40% exinite. Some Buller coals are characterised 
by exceptionally low ash (less than 1%), high organic sulphur (greater 
than 4%) very high fluidities (greater than 40,000 d.d.p.m.) and vertical 
within-seam (iso-rank) changes in vitrinite reflectance of the order of 
0.05-0.15%Romax. Brunner coals range in rank from sub-bituminous 
(0.2%Romax) to low volatile bituminous (R0max 1.7%); this variation 
reflects large differences in depth of burial.
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Influence of Differential Subsidence on Depositional Environments, 
the Architecture and Stacking of Clastic Units and the Occurrence, 
Geometry, Thickness and Splitting of Coal Seams
In the Buller Coalfield, variation in thickness, stacking of clastic units 
and splitting of coal seams was primarily determined by differing rates of 
subsidence in adjacent localities. Basal grit units thicken from zero to 
100 metres over one kilometre; near Mount Rochfort basal 
conglomerate thickens from zero to 270 metres over three kilometres.
In the vicinity of the Webb Opencast Mine and elsewhere the Buller 
Seam Member thickens from five to fifteen metres over 200 metres.
The coincidence in orientation of coal isopachs and fault traces 
indicates that differential subsidence is due to syn-depositional fault 
movements. At any one time on the alluvial plain, the most active sites 
of subsidence were also the sites of most active channel sedimentation.
In adjacent areas characterised by intermediate subsidence rates, 
floodplain areas were dominated by crevasse processes and small 
sub-delta systems. Peat accumulated at sites with relatively slow rates 
of subsidence. These included areas on the downthrown side of faults 
toward the locus of rotation of tilted blocks and the (relatively) upthrown 
side of faults. Changes in the sites of channel sedimentation were largely 
a response to a change in the distribution of the sites of maximum 
subsidence rather than any inherent characteristics of braided or 
meander-belt migration patterns. Gradual thickening of seams reflects 
tilting of half-graben blocks. Large increases in seam thickness over 
short lateral distances may reflect the immediate presence of a fault. 
Simple splits reflect half-graben subsidence. Multiple splitting developed 
where channels and peat bogs were accumulating in adjacent areas 
characterised by relatively high and low rates of subsidence; in some 
instances the locus of splitting was coincident with a fault or fault zone.
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Peats that accumulated adjacent to active channels were subjected 
to repeated channel or splay incursion between periods of 
re-establishment of vegetation and peat accumulation. The localising 
effect of half-graben differential subsidence on the sites of channel 
sedimentation produced a stacking arrangement of amalgamated, often 
lensoidal units (cf. tabular units, separated by mudstone) with a 
distinctive style of onlap of successively younger units toward the locus 
of splitting. The pattern of incision and onlap of successive channel 
sandstone units, in combination with the braided nature of streams, 
probably contributed to the general scarcity of mudstone units.
Toward the locus of splitting, where subsidence rates were lower, and 
channel incursion less prevalent, locally thick mudstones were preserved.
This model of subsidence and splitting may also be applicable to the 
basal part of the Reefton-Garvey Creek Coalfields and the thicker (more 
actively subsiding) parts of the Greymouth and Charleston Coalfields.
Fluvial Environments
Lithofacies associations and palaeocurrent data suggest the 
Brunner alluvial plain in the Buller Coalfield was characterised by both 
braided and coarse-grained meandering streams. In addition 
lithofacies associations suggest some streams were transitional in 
character between meandering and braided. Extensive overbank 
mudstone units are rare. Thick mudstone dominated intervals within the 
Brunner succession are restricted in occurrence and appear to be 
related to the localising of channels by locally high rates of 
syn-depositional subsidence. In those localities where overbank 
lithologies are preserved, crevasse sandstone/grit units are 
interbedded with fine-grained interbeds. Lake mudstones are 
associated with crevasse sub-deltas; in some instances the filling of
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small lakes was characterised by homopycnal flow at the point of 
discharge and small-scale Gilbert-deltas formed.
In the Buller Coalfield, rivers reached the coast without significant 
development of distributaries. This contrasts with the upper part of the 
Garvey Creek Coalfield where a thick succession of interbedded 
sandstone, mudstone and thin coals represent the formation of numerous 
distributaries on a deltaic plain. Amalgamated very coarse sandstone/grit 
dominated units in the lower part of the Brunner succession at 
Greymouth and Capleston (northeast part of the Reefton Coalfield) 
resemble the braided channel sequences of the Buller Coalfield. 
Throughout most of the Reefton Coalfield, units of inferred channel 
origin are dominated by medium to coarse sandstone and interbedded 
with laterally extensive mudstone units; the presence of epsilon 
cross-stratification indicates they were deposited by meandering 
streams. Thin tabular grit units at Garibaldi Ridge are also interpreted as 
meandering stream deposits.
The diversity in lithofacies characteristics and the 
environments they represent, both in and between coalfields, indicates 
the local complexity of interaction of sediment load, discharge and 
subsidence.
Coastal Environments
The diversity of lithological characteristics of the lowermost part of 
the Rapahoe Group in coalfields throughout North Westland reflects 
considerable variety in the coastal depositional environments contiguous 
with the Brunner alluvial plain. The complex nature of transgression 
has resulted in extremely variable local successions within coalfields. 
Whilst it has been possible to get an indication of some of the various
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sub-environments and their sedimentary processes, a comprehensive 
synthesis of lateral and vertical variation has not been achieved.
In the Buller region, rivers discharged into the sea and 
sedimentation was dominated by mouth bar processes at a delta front. 
Unlike the small sub-deltas which actively prograded into floodplain 
lakes or coastal lakes, the mouths of these rivers were in constant 
retreat during transgression, and consequently the delta front 
sequence is relatively thin. The absence of thin deltaic plain 
mudstone or coal seams may reflect rapid and progressive landward 
encroachment of the sea and/or the destruction of thin deltaic plain 
sediments during transgression. Locally in the Garvey Creek Coalfield 
very thin coals, associated with bioturbated mudstones, may represent 
lower deltaic plain marshes and the progradational advance of 
distributaries into shallow bays. At Reefton (and Fletcher Creek), 
intercalation of a thick marine band in the upper part of the Brunner Coal 
Measures is indicative of a local and progradational advance of a deltaic 
plain. In contrast to the Buller and other coalfields, the Garibaldi Ridge 
area contains a thick sand-dominated delta front sequence. This 
reflects vertical building (as opposed to transgression or 
progradation) and deferral of the main phase of transgression in 
response to a prolonged balance between subsidence and supply 
(and/or an increase in rates of subsidence balanced by an increase in the 
supply regimen of the source area). In the Greymouth Coalfield coastal 
environments were non-deltaic and estuarine conditions prevailed.
Coal Rank and Basin Subsidence
Rank and thickness data suggest the Paparoa Trough was a 
half-graben with opposite senses of symmetry in the Buller and 
Greymouth Coalfields. The Paparoa Trough was one of many
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Eo-Oligocene basins formed along the western New Zealand in 
response to an incipient phase of rifting.
The lateral increase in rank in Brunner coals in both the Buller and 
Greymouth Coalfields reflects increasing depth of burial toward the axis 
of the Paparoa Trough. Comparison with other basins of similar age 
and setting suggest geothermal gradients during burial were average to 
moderately high. The close spacing of iso-rank contours toward the 
western side of the Buller Coalfield may result from either roll-over, a 
decrease in spacing of iso-therms with depth at the time of coalification, 
arching of isotherms, a non-linear relationship between temperature and 
reflectance, or a combination of some or all of these factors.
The beginning of inversion of the Paparoa Trough during the 
Miocene was accompanied by the onset of subsidence in the adjacent 
Grey Valley Syncline.
Peat Environments and Coal Characteristics
Extremely low ash yields of many Buller coals reflect both the 
topographic elevation of the peats and their high acidity. Low exinite 
in extremely low ash coals might also be a consequence of high acidity. 
Low semifusinite and the virtual absence of fusinite in almost all 
Brunner coals indicates that conditions at the peat surface and in the litter 
zone were continually wet. The very high vitrinite content of many 
Brunner coals reflects both the unfavourable conditions for formation 
of inertinite, the possible destruction of exinite and the absence of 
processes concentrating exinite and inertinite at the expense of vitrinite. 
Locally high exinite content (mostly liptodetrinite and sporinite), in a thin 
seam in the western part of the Greymouth Coalfield reflects sapropelic 
conditions.
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Upward within-seam decreases in vitrinite reflectance (and 
increases in volatile matter yield) indicates an increase in hydrogen 
content of the vitrinite precursor. This was probably due to 
increasingly anaerobic conditions which encouraged the growth of 
bacteria whose remains and degradation products were assimilated by 
the peat. Anaerobic bacterial growth and decay processes were 
promoted by the introduction of alkaline brackish waters into the peat. 
Sulphate-bearing brackish waters also promoted the incorporation 
of sulphur in an organic form. Whilst perhydrous vitrinite, as 
indicated by low reflectance, is generally accompanied by a high organic 
sulphur content this is not always so. Reasons for the lateral variation in 
vertical within-seam vitrinite reflectance differences over short distances 
and the mechanism and timing of the introduction of organic sulphur 
are not known. An inverse relationship between organic sulphur and 
nitrogen is probably related to the geochemical environment at the time of 
deposition.
Large within-seam differences in fluidity and initial softening 
temperature reflect the presence of perhydrous vitrinite in 
association with high organic sulphur. It is generally accepted that 
perhydrous vitrinites contain low molecular weight compounds that 
promote ease of bond rupture within the coal molecule during 
pyrolysis. However in the Buller coals, it appears that organic 
sulphur, particularly when it is present in proportions of greater than 
2%, might play an equally if not more important role than the 




i) Differences in total thickness, seam thickness and splitting in the 
Brunner Coal Measures largely reflects variation in rates of 
subsidence determined by syn-depositional faulting and tilting of 
half-graben blocks. Some subsidence can be attributed to 
syn-depositional compaction of peat. In very thin sequences or 
the lowermost part of thick sequences, a high proportion of 
thickness variation may also reflect an inherited incised topography.
ii) The migration of river channel systems was primarily 
determined by local subsidence patterns. River channels 
migrated to local areas of maximum subsidence and this, more 
than any factor associated with channel type, determined the 
presence, lateral extent, thickness and splitting characteristics of 
clastic overbank facies and peat.
iii) Channel and floodplain environments of the Brunner alluvial plain, 
that were contiguous with or proximal to thick backswamp peats, 
varied considerably within and between coalfields. Conglomerate and 
sandstone lithofacies, and palaeocurrent analysis, indicate rivers 
were of both braided and meandering types. A range of thinly 
interbedded mudstone, sandstone and coal seams, indicate a 
diversity of crevasse processes and infilling of ponds or small lakes 
by sub-deltas on floodplains adjacent to Brunner rivers.
iv) Coastal environments contiguous with the Brunner alluvial plain were 
characterised by predominantly micro- to meso-tidal, non-deltaic 
processes; local transgressive histories ranged from simple to 
complex.
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v) Lateral increases in rank in the Buller Coalfield reflect increasing depth 
of burial in a half-graben (Paparoa Trough). The close spacing of 
iso-rank contours at high rank may be due to roll-over, arching of 
isotherms, non-linear spacing of isotherms or non-linear 
temperature/vitrinite reflectance relationships.
vi) Exceptionally low ash yields of some Buller coals (less than 1%) are 
due to deposition in very acidic high-moor peat. Low inertinite 
contents of Brunner coals in general (less than 5%) and an 
absence of fusinite, reflect continually wet conditions at the peat 
surface. Atypically high exinite content (25-40%) in the seam in the 
Brunner Coal Measures in the western part of the Greymouth 
Coalfield reflects local sapropelic conditions.
vii) Upward within-seam iso-rank decreases in vitrinite 
reflectance (0.05-0.15% Romax over several metres) in many 
Brunner coal seams indicate increasingly anaerobic 
conditions. Anaerobic decay processes were promoted by the 
introduction of alkaline brackish water into the peat during the 
latter stages of peat formation. High organic sulphur contents are 
also due to the introduction of brackish waters.
viii) Vertical within-seam differences in fluidity and initial softening 
temperature over several metres in the Buller coals are probably 
due to within-seam changes in both the hydrogen content of 
vitrinite and organic sulphur content.
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Approximately 1,300 paleocurrent directions were processed using a 
computer programme (Jones 1970). The first procedure of the 
programme, corrects the effects of structural dip and restores the 
azimuths to their original orientation. Maximum difference between 
recorded and restored azimuth occurs when foreset dip direction is 
perpendicular to structural dip. Structural dips of 10° yield a 
maximum change of about 2°. Structural dips greater than 10° were 
. entered in the programme whilst those less than 10° were not recorded 
in the field and entered in the programme as horizontal. With the use of a 
programme it would have been as easy to also compensate for 
structural dips of less than 10°. However the large number of 
measurements and ready access to a computer programme was not 
anticipated when the measurements were made.
The second step of the programme calculated for each location or 
group the following parameters: arithmetic mean, vector mean, vector 
magnitude and vector magnitude percent, the variance and standard 
deviation about vector mean, the Rayleigh probability of randomness 
and its equivalent significance level. The use of these various 
parameters, as outlined by Potter and Pettijohn (1963) is summarised 
below.
Averages of directional properties can be calculated as both 
arithmetic and vector means; the latter gives a better indication of mean 
direction with a relatively wide scatter of directions. The vector 
magnitude percent is a measure of the concentration of azimuths;
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higher percentages indicate greater consistency of direction. 
Variance and standard deviation indicate the spread of data. There 
are several tests for randomness of distribution; the one used in this 
programme is a modified version of the Rayleigh test, applicable for 
samples of more than five individuals. Samples are considered 
randomly distributed when the Rayleigh probability is less than the 
comparable five percent confidence level for each sample; 
non-randomness, however, does not indicate the data is oriented.
The third step of the programme calculated selected average 
group vector means, including grand vector means, and associated 
vectorial parameters.
Processed data are contained in Tables A1.1-6.
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APPENDIX TWO
METHODS AND ASSUMPTIONS IN COMPUTATION OF 
PARAMETERS FROM ANALYTICAL AND 
PETROGRAPHIC DATA
VOLATILE MATTER (DRY MINERAL MATTER AND HALF SULPHUR 
FREE BASIS)
In order to use volatile matter (air-dried basis) as a measure of the 
perhydrousness nature of coal It Is necessary to adjust It and allow for 
the contribution and diluting effect of moisture, mineral matter and 
sulphur.
The formula used is
V.M.% (d.m.m.1/2s.f.) = 100
100-1.1A-S




X m t a d )
1
M = moisture 
A = ash yield 
S = total sulphur 
db = dry basis 
ad = air-dried basis
The Mineral Matter to Ash ratio (M.M.) of 1.1 assumes that 10% of the 
ash yield comprises water of hydration from clays; this value has been 
adopted following the general study of New Zealand Coals by Suggate 
(1959). The M.M. ratio assessed by Coal Research Association (N.Z.) is 
1.07. The mean of 52 theoretical M.M. ratios based on normative 
mineral compositions by N. Newman (1985) is 1.17. Newman and 
Newman (1984) have used an M.M. ratio of 1.14 as the mineral matter
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of low to medium ash Buller coals is predominantly kaolinite. They have 
also allowed for pyrite and rutile (Fe20 3  and Ti02) which has no water of 
constitution. The difference in volatile matter yield of iso-rank samples 
using M.M. ratios of 1.1 and 1.17, and with an ash difference of 5% is of 
the order of 0.25% (Figure A.2.2).
The formula assumes that 50% of the total sulphur is retained in the 
residue during the volatile matter test and the remaining 50% 
contributes to volatile matter. Empirical data (V. Gray, C.R.A.N.Z., 
pers.comm. 1985) supports this and it would appear retention of 
pyritic and organic sulphur is of the same order (see also Brooks,
1956). The best correlation between V.M. and H/C (Table A2.1) is 
obtained by calculating a sulphur retention of 0-0.3% (i.e. V.M. 
d.m.m.0.7-1 .Os.f.). The reason for the difference between the 
regression and empirical estimates of sulphur retention is not known.
At constant rank exinite can make a significant difference to volatile 
matter yield (Figure A2.1). The regression equations (Tables 7.8-7.10) 
assume volatile matter is derived entirely from vitrinite. This assumption 
is reasonable for the Buller coals where exinite is consistently low. In 
coals with high and variable exinite contents it would be necessary to 
use multivariate regressions incorporating exinite as a predictor if 
vitrinite and exinite contributions to parameters are to be isolated. The 
tendency for organic sulphur to concentrate in exinite (Chapter Two, Part 
B) and the relative ease with which exinite volatilises (cf. vitrinite), may 
effect a decrease in the retention of organic sulphur in medium-high 
exinite, medium-high sulphur coals.
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Organic Sulphur (So)
Organic sulphur estimates were not reported for all composite 
samples 'analysed by C.R.A.N.Z. However ash composition, including 
Fe2 0 3  was reported for all samples and the amount of pyritic sulphur 
present can be calculated by assuming all iron in the coal is present as 
pyrite and pyrite oxidation proceeds according to the reaction 2FeS2 
+ 7.5 O2 Fe203  + 4 SO3. Analyses by C.R.A.N.Z. indicate sulphate 
sulphur is negligible and hence Sorganic = S iota i - Spyritic-
Vitrinite Reflectance Measurements
Twenty five vitrinite reflectance measurements (single vitrinite maceral 
sub-group or pro-rata) are judged to be an adequate number of 
measurements although in many cases 50 or more measurements were 
made. A running mean of results (Figure A2.3) indicates that after 13 
measurements the mean is within 0.01% of the mean and after 18 




PETROGRAPHIC AND PROXIMATE ANALYSES, ATOMIC 
RATIOS AND RHEOLOGICAL DATA
Petrographic and proximate analyses, atomic ratios and 
rheological data that form the basis of figures and summary tables in the 
main part of the text are contained in Appendix Tables A3.1-12. Some 
data (e.g. large parts of Table 3.2) has no direct input to the overall aims 
of the study. The data has not been nor is it likely to be recorded 
elsewhere.
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Figure 1.1 Location map of the Bui I er and other coalfields in North Westland.




N IL E  G R O U P
(limestones) E o -
O ligocene 6 0 0 -2 0 0 0
Marine, 
sha llow  she lf Regional
• » •
R A P A H O E
G R O U P
(mudstone, sandstone, 
local breccia)
B R U N N E R  C .M . Eocene 0-100 Paralic
/A
P A P A R O A
C O A L









H A W K S  C R A G  
v  B R E C C IA
Middle
C retaceous
0 -2 0 0 0 A lluvia l fan
B A S E M E N T
Figure 1.2 G enera lised s tra tig ra p h y  fo r N orth  W estland .




Torea B re c c ia  M b r7 '''',-«^JI < 5? j KAIATA
RAPAHOE SANDSTONE* O m o tu m u tu  Mbr. FORMATION
LITTLE
(predom inantly
GROUP SILVERMINE MILLERTON ISLAND mudstone)
TOTARA
SANDSTONE* SANDSTONE* SAND SANDSTONE
BRUNNER COAL MEASURES
*  new fo rm a tion
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Figure 3.1 Generalised cross-section (A) and location map (B), Buller Coalfield, 









F ig u re  3 .3 G e n e ra l is e d  s t r a t i g r a p h y  o f  B ru n n e r  C o a l  M e a s u re s ,  B u l le r  C o a l f ie ld .
Figure 3.4 Location map of sections illustrating seam correlation, Buller Coalfield.
Grid references on this and all subsequent maps, unless otherwise Indicated are as for those
on the N.Z.M.S. 260, 1:50,000 map series.
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194458 field section; numbers are grid reference of location 
on N.Z.M.S. 260, 1:50,000 sheets K29 & L29
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Figure 3.4 Seam correlation Mount William Mine -  Rockies (A -A ‘) and Coal Island Opencast -  Rockies (B-B')
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Figure 3.4 Seam correlation Mount William Mine (G-G ')f Coal Island Opencast -  Fly Creek (H-H ') and 
Coal Island Opencast -  Mount Frederick (I—D.
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Figure 3.4 Seam c o r re la t io n  Burne tts  Face -  Upper W a im a n g a ro a  Val ley  (part  J - J ’) and Upper 
W a im a n g a ro a  Val ley  -  Mount F rede r ick  ( K - K ’).
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F igure  3.4 Seam correlation Upper Waimangaroa Valley -  Mount Frederick (L-L*), Upper Waimangaroa Valley -  Deep Stream (M -M ’) 
and Fly Creek -  Upper Waimangaroa Valley (part J - J ’).
Sullivan Mine -  Conglomerate Stream (O -O ’) and Cascade Mine -  Denniston (P-P'h
Figure 3.5 Some hypothetical correlations of two-seam intersections in a 
zone of complex splitting with poor stratigraphic control.
Figure 3.6 Isopachs of basai conglomerate and grit, Bui I er Coalfield.
Figure 3.7 Location and density of drill-hole and outcrop data for 
isopach maps in Figs. 3.8, 3.9 and 3.10.
Figure 3.8 Isopachs of Buller Seam Member, northern Buller Coalfield.
Figure 3.9 Isopachs of Buller Seam Member, central Buller Coalfield.




Figure 3.10 Isopachs of Buller Seam Member, southern Bui I er Coalfield.
Figure 3.11 Isopachs of Buller Seam Member (A) and basal grit and 













Figure 3.12 Isopachs of clastic interval between upper and lower splits of 




fine to medium sandstone
coarse sandstone, grit
pebble conglomerate
Figure 4.1 Vertical profile of part of conglomerate-dominated sequence, 
Mount Rochfort. (056357)
Figure 4.2 Upward fining sequence with epsilon
cross-stratification. Webb Opencast Mine.
(location -  see Figures 4.17 and 4.18A)
fmcHi,M
Figure 4.3 Vertical profile of upward fining sequence with 
decreasing scale of cross-beds on track to 
former pumphouse, near Mt. William Mine.
(187463)
T T T
diagramatised; no orderly vertical 
arrangement of l ithofacies, grain size or 
scale of sed imenta ry s tructu res; 
vertical profi les can change laterally 
over 5 to 10m
Figure 4.4 Vertical profile of sequence dominated by 
lithofacies Ss, St and Sh. on road near 
Mt. William Mine. (193461)
Figure 4.5 Scours with composite fill (Ss) and associated lithologies Sh, St and FI. 
( 1 9 3 4 6 3 )
Ss d o m in a te d ;  
in d iv id u a l  un i ts  
exh ib i t  v a r ia b le  
g ra in  s ize
>
(c o a rs e  s a n d s to n e  
to  f in e  pe bb ly  
s a n d s to n e )




based on numerous 
observations of 
sections of the 
order of 4-8m 
thick ; amalgamated 
cycles ?
Figure 4.6 Generalised vertical profile of sequence with both large-scale 
cross-beds (Sp) and an association of Ss, St and Sh.
Based on sections in vicinity of Fly Creek and Plover Stream.
s a n d s t o n e - s a n d s t o n e
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t ransverse section or
0.5 -1m
small -scale G i lbe r t -de l ta
s a n ds ton e -co aK d i f fe ren t ia l  com pact ion e f fects  included)
Figure 4.7 Geometrical relationships of sandstone units and sandstone, 
mudstone and coal units.
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site of maximum compact ion in underly ing peat
small-scale G i lb e r t -d e l ta
3m
f ~ -» shift  in s ite of
< v ----------------- >
compact iona l subsidence
Figure 4.8 Reconstructed history of the formation of small-scale 
Gilbert-deltas and deepening of ponds by 
compactional subsidence.
6
Figure 4.9 Vertical and lateral relationships of interbedded fine-gra ined lithologies and their relationship 
to coarse sandstone units , Webb Opencast Mine.
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Figure 4.10 General upward coarsening in the fine-grained sequence between 
Mangatini Seam Member and thick sandstone succession, Webb/Baynes area.
| | C o a K a s h  y i e l d  le s s  t h a n  5 % )
2 0 0 - 4 0 0 m
Figure 4.11 Shaling-out associated with thinning margins of the 
Builer Seam Member.
Generalised section based on high ash zone between 
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Figure 4.12 Geographical distribution of palaeocurrent data, northern 
Buller Coalfield.
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Figure  4.13 G e o g ra p h ic a l  d i s t r ib u t io n  of 
pa la e o c u r re n t  da ta ,  s o u th e rn  Bu l le r  C o a lf ie ld .
/
Grand group vector mean (n = 8)
7 Grand vector mean (n = 45) 
t  Magnitude average group vecto r = 73%
c)
Grand group vector mean (n = 6)
\
Magnitude average 
group vecto r = 84%
\
Grand vector mean (n * 208)
d)
Magnitude average 
group mean = 40%
Figure 4.14 Distribution of palaeocurrent group vector means, a) c ro ss -b e d s ,  
Brunner Coal Measures, Buller Coalfield, b) c ro s s -b e d s ,  Mi ller ton Sandstone, Buller C o a l ­
field. c) scour axes, Brunner Coal Measures, Mt. Will iam Mine v ic in i ty ,  d) c ro ss -b e d s ,  
Brunner Coal Measures, W ebb/Baynes area (enclosed by do t ted  line Fig. 4.12).
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Figure 4.15 Upward coarsening mudstone to sandstone cycles
Upper Brunner Coal Measures, southern Bui I er Coalfield.
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Figure 4.16 Fine to very coarse sandstone cycles in upper 
and lower parts of the Millerton Sandstone ,
a) northeastern Webb/Baynes area
b) Sandy Creek
Stra t ig raph ic  locat ion of figures on map 
Fig. 4.9
Figs. 4.18C and D 
and Plate VI
Figs. 4.18A and B






Sandstone, gr it  
and m udstone
Mangat in i  Seam Member 
Sandstone, g r it (50m to basement)
Figure 4.17 Location of sections that illustrate details of geometry and stacking 
at the Webb Opencast Mine.







top of open cut
Figure 4.18 continued Panoramic sketch of highwalls of Webb Opencast Mine, 1981.
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(d702) nearest drill-hole to section 
measured in hlgh-walls of 
Webb Opencast
F igure  4.19 G eo m e try  and s ta c k in g  of c la s t ic  un its  and the  Buller Seam Member, W ebb O pe ncas t  Mine.
d1 223 d1229 d1231 d665 1 56487 1 58488 160492
Figure 4.20 Geometry and stacking of clastic units and the Buller Seam Member, 
central and northern Webb/Baynes area.
Rockies Millerton Mine
Figure 4.21 G eom e try  and stacking of clastic units and the Buller Seam Member, Rockies-M illerton.
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and Waimangaroa R. Bluffs in Waimangaroa R. gorge Burnetts Face
IV V
II III
Figure 4.24 Geometry and stacking of clastic units and the Buller Seam Member, Waimangaroa Gorge -  Burnetts Face.
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Figure 4.25 Geometry and stacking of clastic units and the Buller 
Seam Member, Sullivan Mine (Rapid Creek Entrance).
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Figure 4.26 Geometry and stacking of clastic units and the Buller Seam Member, 























Figure 4.27 Vert ical profi les, S to ck ton  -  S to ck ton  High Ash Zone
161 486 1 6 2 4 8 6  162487  163488 167488 167489 167 490
St
1 III IV V VI VII
Figure 4.28 Vertical profiles, northeast of Webb Opencast.



























Figure 4.29 Vert ica l profi les, cen tra l W ebb /B ayne s  area.
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Figu re  4 .30 Vert ica l pro fi les , northern  W e b b /B a y n e s  area.
Figure 4.31 Vert ical profi les, Rockies -  M il lerton
d 9 1 2 1 5 2 4 9 4 d1 3 2 7 d1 32 8
v w
V VI VII Vil i


































Fm  b b  
Sm  b
Fm b b
S m  b
C o a l ( M a n g a t in i S eam  
M e m b e r)
S h .S r
Sp
1 - f  FI
I
Figure 4.33 Vertical profiles, 
Mount W illiam Pumphouse.
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Figure 4.35 Vertical profiles,
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Figure 4 .36 Vert ica l p ro fi les , Fly Creek -  Plover S tream.
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Figure 4.37 Vertical profiles, Coal Island Opencast.
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Sb, sub -ho r izon ta l  part ing
3  Alternating Smb and thin
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sub -ho r izon ta l  part ing
Figure 4.38 Vertical profiles, Sandy Creek and vicinity of T31 Stream.
182488
Figure 4.39 Vertical profile, T31 Stream.
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Figure 4.41 Vertical profile, DH 1087, Millerton Mine.
ep s
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s t r a t i
Figure 5.1 Point bar of high sinuosity stream. (Epsilon cross-stra tifica tion  present).
Figure 5.2 Point bar of high -  intermediate sinuosity stream. (Upward fining and upward decrease in 
scale of cross-beds).
m i d - c h a n n e l  c o m p o u n d  b a r s  f o r m e d  b y  a c c r e t i o n  o f  p la n e  
b e d s  ( s o m e  f o r m i n g  lo w  a n g l e  c r  o s s - s t r  a t  i f  i c a t  io n  ) m i n o r  
d u n e s  a n d  l i n g u o i d  b a r s ;  d i s s e c t e d  b y  lo w  s t a g e  r u n - o f f  
a n d  s c o u r i n g  d u r i n g  s u b s e q u e n t  h i g h  s t a g e s
Figure 5.3 Braided system with numerous shallow channels
Figure 5.4 Intermediate sinuosity stream with deep braided channels.
A SEVERAL C H A N N E LS  OF IN TE R M E D IA TE  SINUOSITY, ONE DOM INANT
meandering <---------  b ra ided -m eande r ing  transition --------------- +<------ braided
<--------------  increasing s inuos i ty  , decreasing bed load, competence ---------
one deep c h a n n e l ------several channels  with o n e ---------- numerous shallow channels
deep meandering channel
/
„' mid-channel bars 
large-scale cross-beds
small proportion of total flow
lateral accretion deposits
d deep S shallow
large proportion of total flow
Figure 5.5 Alternative perspectives of the braided -  meandering transition.
d e e p e s t ,  m o s t  a c t i v e  c h a n n e l  t r a c t
s*andy
Figure 5.6 Gravelly braided river.
Facies present in sect ion A -A '
Distributary or major crevasse
Sub-delta plain channel and crevasse splays Major channel
Upward coarsening cycles Interbedded thick lensoidal Thick upward fining
2-5m thick, often capped by sandstone units and tabular lensoidal units that terminate
thin coals . Sandstones units (0.7 -2m) with upward abruptly against other units
tabular. coarsening cycles in which or have wing-like extensions
mudstone is thin or absent and into mudstone.
sandstone may contain rootlets
Figure 5.7 Overbank and sub-delta environments.
Time 1
rapid coastline retreat
gradual coastline retreat; deltaic protrusion reflects offsetting of 
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Figure 5.8 Upward and retrogresive building of mouth-bar sequences in response 
to shifting of the site of river mouths in a transgressive setting.
General setting
T 4
sudden re-occupation of former mouth bar site
■ ■
T5







gradual re-occupation of former mouth bar site
Figure 5.9 Hypothetical sequences 
generated by migration of coarse and fine 
mouth bar facies (Millerton Sandstone).
T7
retreat of mouth bar in response to gradual diversion
History of mouth bar migration
i) A c c u m u la t io n  o f g rave l  in m ino r  to p o g r a p h ic  low s
50m
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Figure 5.10 Alternative origins of basement topography and the
difference in proximity of the basal conglomerate to the
Buller Seam Member
progressive lateral shift of site of peat compaction
centre-point of local subsidence








eastern extremity of youngest sandstone unit
E-W face — | —- NW-SE face
Figure 5.12 The formation of large-scale- cross-beds and the progressive
upward lateral migration of channel sandstone facies in response 
to peat compaction, Webb Opencast Mine.
Northern Buller Coalfield Mt. Rochfort
i) * ' ' • •
polymict. locally derived Greenland Group or granite clasts polymict
stationary subsidence i
ii)
Thin sequence (5-1 5m) Thick sequence (~ 270m)
Quartz conglomerate directly overlies Gradational change from polymict
polymict conglomerate to quartz conglomerate
Figure 5.13 Contrasting subsidence patterns in northern and southern parts of 
the Buller Coalfield and its relation to vertical changes in 
conglomerate composition.
i-------  Increasing rate o f  subsidence
jD <------ uniform subsidence ---------------------— >
peat thickness directly related to changes 
in areal extent of mudstone facies
Figure 5.14 Alternative relationships of lateral changes in the 
thickness of sandstone, mudstone and coal.
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CHARACTERISTICS OF 
MAJOR CLASTIC SPLIT
channel belt —*• c revasse channe l  .splay or s u b - d e l t a  —— f loo dp la in  or lake
Figure 5.15 Summary of main a rch itec tu ra l elements of the Brunner Coal Measures and the ir  re la t ionship to 
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Figure 5.16 Structural and topographic controls on sedimentation in and adjacent to 
barren or high ash zones.
lithology; interpretation 
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sandstone; delta front, transgressive lag 
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Figure 5.18 Palaeogeography of the Buller Coalfield during deposition of 
the Buller Seam Member.
Figure 5.19 Palaeogeography of the Stockton, Webb/Baynes, Rockies and Millerton areas 
during deposition of the Brunner Seam Member.
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Figure 6.1 Locaton map of general and detailed sections in the Reefton 
and Garvey Creek Coalfields.
Kaiata Formation
> B iotu rbate  s i l ts ton e- f ine  sandstone
Brunner Coal Measures
80
\  details Fig. 6.4
> Alternat ing mudstone, f ine -coarse  sandstone , thin coal
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Figure 6.2 Generalised succession of the Brunner Coal Measures, 
Island Block, Garvey Creek.
A v e g e ta t io n  and d e b r is
channel fi l l ing of Gm, 
Sh and mudstone 
lin ing basal 
erosional sur face
B
o o o o o o o o o o q  Gm(pebble-cobble)
Figure 6.3 Channel fill (A) and cross-bedded pebbly grit (B) in basal 
conglomerate, Brunner Coal Measures,
Island Block, Garvey Creek.
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Figure 6.4 Details of the uppermost Brunner Coal Measures at Island 
Block, Garvey Creek (A), and basal Kaiata Formation, road 


















c ro ss -s t ra t i f ica t ion  
and upward fin ing
\̂ v*
Figure 6.5 Upward fining sequence with epsilon cross-stratification, 
overlying thick basal coal seam, Brunner Coal Measures, 
Island Block, Garvey Creek.
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Figure 6.8 Basal Brunner sequences , Reefton Coalfield.

Figure 6.10 Outcrop distribution of the Brunner Coal Measures and 
location map of sections, Greymouth Coalfield.
Brunner -  Mt. Davy A n tic lin e
metres (A.S.L.)
Cobden Limestone
Kalata Fm.fmudstone, calcareous mudstone) 
containing local brecclatOmotomutu Mbr.)
Brunner Coal Measures and Island Sandstone 
Paparoa Coal Measures
Greenland Group basement (after Nathan, 1978)
Figure 6.11 Cross-section of the Greymouth Coalfield (see A-A* on Fig. 6.10),
Is land  S a n d s to n e
B ru n n e r  Coal M easures
Duno l l ie  Fm.
Figure 6.12 General s t ra t ig ra p h y  of the Is land S ands tone  and Brunner 
Coal Measures, G reym ou th  C oa lf ie ld .
N in e  M ile  B e a c h  
(w e s t)
S p ring  C reek 
R oad
S e w e ll Peak 
(e a s t)
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A g e
D u n o llie  F o rm a tio n
/  /  - • / ­
B ru n n er C oa l M e a su re s
/  -
MH2
i -----J stationary V subsiding
Figure 6.13 Reconstruction of subsidence history of Greymouth area 
at or near the time of deposition of the Brunner 
Coal Measures.
Birchfields Trig C (S44/807993)
Opencast (1979)
Figure 6.14 Vertical profiles of Brunner Coal Measures and Island 
Sandstone, Spring Creek Road.
VI -  north of translator, S 4 4 /8 6 2 9 4 2 V -  south of translator, S 44 /85 8932
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Figure 6.15 Vertical profiles of Island Sandstone, Sewell Peak.
North
A
^  average vector mean
Figure 6.16 Palaeocurrent data from cross-beds in the Brunner 
Coal Measures, Greymouth Coalfield.

















[•"[ Little Totara Sand 








east side of highway 
west side of highway
St,Ss
Carbonaceous mudstone with coaly layers and rootlets.
Micaceous fine sandstone with small-scale scours, 
Inter-beds of silty fine sandstone
Poorly sorted sandy grit





Figure 6.19 Vertical profile of Brunner Coal Measures, 
Morrissey Creek, Charleston.
Figure 6.20a Vertical profile of Brunner Coal Measures , vicinity of 
Redjacket Mine, south of Charleston.
Figure 6.20b Panoramic view of com pact ion-re la ted  splits overly ing coal seam, Charleston.







Figure 6.22 Stratigraphic section of Brunner Coal Measures, 
Fletcher Creek Coalfield, 15km north of Reefton.











Matiri Formation and Takaka Limestone 
Garibaldi Sandstone and Silvermine Sandstone 
Brunner Coal Measures
Granite and granodiorite 
Ordovician meta-sediments
Figure 6.24 Location and geological map of Tertiary sequence, 
Garibaldi Ridge, Karamea River (Southwest Nelson).
P yram id  Peak S ilverm ine Creek
K a r a m e a  R iv e r
S12/787348








calcareous siltstone and limestone
massive sandstone, minor breccia , increasing proportion of calcareous siltstone toward top
laminated and Intensely bloturbate thick-bedded sandstone 
Interbedded sandstone, mudstone; numerous thin coal seams toward base
*  new formation
î  Î 
[ b ] ig ] 
1 1
stratigraphic intervals of Brunner Coal Measures and Garibaldi Sandstone 
used in Andrews, Leask and Titheridge, 1979








Figure 6.26 Stratigraphy of Brunner Coal Measures near 
Pyramid Peak, Garibaldi Ridge.
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Grit with mudstone clasts, wood 
fragments. Interbeds of 
medium-coarse sandstone with silty 
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Massive coarse to very coarse 
sandstone units(0.5-2m) with 
faint lamination and 
sub-horizontal parting at top
Sp(2-4m)












Fine -  medium sandstone with 
well developed lamination (Sh)
Medium -  coarse sandstone with 
Sh and small scours.
Cycles 0 .2 -1 ,0m.
Brunner Coal Measures
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i 0.64 ; Upper Waimangaroa Valley 
t  0.63
t 0.72
Iso-reflectance contours based on 
measurements and estimates of the 
reflectance of detrovitrlnite
Figure 7.1 Vitrinite reflectance measurements and iso-reflectance contours 
from the Buller Seam Member, Buller Coalfield.
Figure 7.2 Iso-reflectance contours (R0 max detrovitrinite) in the
Rockies -  Millerton -  Webb/Baynes -  Stockton area.
Detrovitr inite is the most abundant v it r in ite maceral sub-group 
and hence R0 max detrovitrin ite -  R0 max v itr in ite based on a 
pro -ra ta  measurement of detrovitrin ite, telovit r in ite and
corpovitr in ite.
Mean Romaxftelovitrinite)
Figure 7.3 Comparison of reflectance of telovitrinite, detrovitrinite 
and corpovitrinite.
Figure 7.4 Vitrinite reflectance measurements and iso-vols illustrating the 
general pattern of rank variation in the Brunnner Coal Measures, 
Greymouth Coalfield.
Volatile matter yield (daf)
Figure 7.5 Volatile matter yield versus depth profiles, Paparoa Coal Measures,
Greymouth Coalfield.
DH 2 4 6 DH 318
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R e w a n u i - M t .  D a v y  a re a ,  G r e y m o u t h  C o a l f i e l d .
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-------------  Paparoa Trough
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Figure 7.7 Burial history graphs of the Paparoa Trough,
Taranaki and Bass Basins.
i) H o r i z o n ta l  e q u a l ly  s p a c e d  iso the rm s.  C h a n g e  in reg iona l  dip.
isotherms
Brunner Coal Measu
ii) Non linear spacing of isotherms.
iv) Isothermal arching -  migration of hot fluids along fault  zone.
Figure 7.8 Alternative iso-therm configurations for coalification 
in the Paparoa Trough half-graben.
Figure 8.1 Location map of samples of Brunner coals for which maceral 
proportions have been determined.
V v i t r in i t e
B
100DV
Figure 8.2 Triangular plots illustra ting  range of proportion  of 
maceral groups (A) and v itrin ite  maceral su b -g rou p s  
(B) of Brunner coals.
• 
••
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Figure 9.1 Relationship between sulphur content in the roof of the 
Mangatini Seam Member and the thickness of the 
overlying mudstone roof, Webb/Baynes area.
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Figure 9.3 Inverse relationship between fluidity and initial 
swelling temperature.
1 1 1 I
H/C ratio
Figure 9.4 Correlation of volatile matter (d.m.m.1/2s.f.) and H/C ratio.
a) A  R0 m a x  (upward  i n - s e a m  c h a n g e  in r e f le c ta n c e )
0.1 (data specifications Table A 3.5a,b)
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+■ based on data from Newman, 1984
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Figure 9.5 Inverse relationship between vitrinite reflectance and volatile 
matter yield (Millerton, Rockies, Stockton and Webb/Baynes 
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Figure 9.5 continued.
Explanation : a) and b) relationship between iso-rank changes in volatile matter and 
reflectance; rigid and relaxed specifications respectively. c) relationship between 
volatile matter and reflectance from samples of variable rank. d) distribution of 
vitrinite reflectance, volatile matter and organic sulphur populations; i, ii and iii from 
graphs a) and b), iv, v and vi from graph c).
InF (max. f lu id i ty  d.d.p.m.)
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Figure 9.6 Plots of volatile matter versus fluidity and initial 
swelling temperature. (Webb/Baynes, Millerton, 
Stockton and Rockies areas).
M easured  InF  (m a x . f lu id i t y  d .d .p .m .)
Figure 9.7 Relationship between predicted and measured fluidity (In F).
Predictors volatile matter(d.m.m.0.5s.f.) and organic sulphur. 
(Webb/Baynes, Millerton, Stockton and Rockies areas).
Figure 9.8 Relationship between predicted and measured 
initial swelling temperature. Predictors volatile 
matter(d.m.m.0.5s.f.) and organic sulphur.
(Webb/Baynes, Millerton, Stockton and Rockies areas).
Measured A l.S .T .
Figure 9.9 Relationship between predicted and measured changes in 
initial swelling temperature. Predictors: changes in volatile 
matter(d.m.m.0.5s.f.) and changes in organic sulphur in iso-rank 













Distribution of changes in initial swelling temperature, volatile matter yield 
and organic sulphur populations.
M ois tu re  (%)
Organic Sulphur (S0 )
Figure 9.10 Inverse relationship between organic sulphur and 







% Organic  su lphur (SJj)







0.9 1.1 1.3 1.5
S/C x1 00
Figure 9.12 H/C versus N/C and S/C versus O/C relationships 
iso-rank serial pairs (Webb/Baynes Area).
APPENDIX FIGURES
V o la tile  m a tte r  y ie ld  (%)
5 Inertinite
Figure A2.1 Effect of exinite content on volatile matter yield.
Volatile matter yield % (d.b.) of iso-rank, iso-type coal
Figure A2.2 Effect of differences in M.M. ratio on recalculating 
volatile matter yield to V.M.(d.m.m.f.) basis.
Mean of Fornax a fte r  x th  rea d ing
Mean Fornax 
±0.005%
Sequential No of reflectance readings
Figure A2.3 Data indicating 25 reflectance measurements are
sufficient to accurately determine mean reflectance 
















Peat Forming Depositional Coal Type Subsidence Seam
Age Climate Vegetation Environment T V : DV Inertinite
(Range)


















































Subt rop i cn1 
rninforest
















Middle to Warm and Open wood- Lower alluvial Very Low Low Low- Very Low Moderate Thick (5-15m)
Late Eocene wet lands with plain to Moderate Extensive (5-15km)
occasi ona1 margina 1 1:3 - 1 : G 1 - 5 3 - 1 5 i 2%
trees? marine ( some (sometimes
exceptions £■ 0.5%) 
i. 30%)
T a b le  2 . 1 : Com par ison  o f  B ru n n e r  and V i c t o r i a n  Coa ls
Lithotype1 VM 1. «il. fa‘ Exinite" Detrovi trini te" Telovitrinlte" Sclerotini te"
Fuslnlte and 
Semlfusinite"
Hard Coal Equivalents 
Mlcrollthotype Llthotype3 Vegetation
Dark 50.6; 4.7; 0.64 1-5% 50-70%








































2 fa - aromaticity of solvent extractable humic acids, Verheyen et al.. 1983
3 Smith, 1981
4 Blackburn, 1981
Tabic 2 . 2 : Summary of petrographic features, chemical parameters and vegetation characteristics 



















planar cross-beds linguoid bars or 
deltaic growths from 
older bar remnants
St sand, medium 
to very coarse, 
may be pebbly
solitary (theta) or 
grouped (pi) trough 
cross-beds
dunes (lower flow 
regime)
Sp sand, medium 
to very coarse, 
may be pebbly




bars, sand waves 
(lower flow regime)
Sr sand, very 
fine to medium
ripple marks of all 
types
ripples (lower flow 
regime)
Sh sand, very fine 
to very coarse, 
may be pebbly
horizontal lamina­
tion, parting or 
streaming lineation,
planar bed (lower and 
upper flow regime)
massive (very coarse 
sand)
SI sand, fine low angle (<10°) 
crossbeds
scour fills, crevasse 
splays, antidunes
Ss sand, fine to 
coarse, may be 
pebbly
broad, shallow 
scours including eta 
cross-stratification
scour fills






flood deposits or 
lake deposits
Fm mud, silt massive overbank, backswamp 
or drape deposits




Smb sand, fine to 
very coarse
bioturbated, massive








Table 4.1: Clastic lithofacies classification (after Miall 1977, 1978)
Origin of inclined beds or Relationship of suc­ Relationship of internalcross-beds cessive units stratification to top and 
base of inclined unit
Vertically aggraded chan­
nel deposits inclined by 
compaction of peat
Onlap Conforms with top.
Change in slope coincident 
with base (side) of overly­
ing unit
Flood generated lateral ac­
cretion deposits; asym­
metrical filling of channel
Conformable Truncated at top. Con­
forms with base (side)
Crevasse deposits inclined Conformable to Conforms with base near
by compaction of peat slightly discordant middle of unit but conver­
ges near margins of unit; 
margins may comprise 
mudstone. Change in 
slope coincident with base 
(side) of overlying unit
Large-scale Gilbert-delta Conformable beds 
within same unit
Truncated at top of unit. 
Forcsets pass laterally into 
mudstone; foreset 
amplitude may decrease 
laterally
Point bar Conformable beds 
within same unit
Sigmoidal - converge with 
top near top, converge 
with base near base
Lateral variation in grain 





None (or slight upward 
fining?) c







a. Arrows indicate successive sites of active peat compaction.
b. Vertical upward fining, and splitting of fine-grained units may occur.
c. Sections perpendicular to main trainsport direction.
d. Sections parallel to main transport direction
Table 5.1. Criteria to distinguish between inclined bedding formed by lateral migration of site of peat compaction
and cross-beds of primary sedimentary origin
BULLER REEFTON/GARVEY CREEK GREYMOUTH CHARLESTON GARIBALDI RIDGE
Coal Seams 1| One thick scam (up to 20




| One thick basal scam 
| up to 20 metres)
1
1


























































| Amalgamated units and 
| tabular interbeds
1
























| Locally very thick 
| (270 metres ) ; loca1 
| pockets 15-10 metres
1





| Thin (less than 3 





















| 300* metres; 150 metres | 100* metres; 30 metres 
1 1 
1 1
.. 1 . 1
1 f









T a b l e  6 . 1 : Summary and co m p a r iso n  o f  the  main l i t h o l o g i c a l  f e a t u r e s  o f  the  B ru n n e r  Coal  Measures  In  th e  B u l l e r  and o t h e r  c o a l f i e l d s






















| Crevasse sub-delta 
j plain






| Interfluves, deltaic 







\ Lagoon fill, back- 













































| Relatively narrow grabenal 
| valley fed by large part 
| of hinterland. Channel 
| belt migration by avulsion,
| a response to subsidence, 
j Low preservation of 
j mudstone reflects braided 
| stream deposition and 
j confinement of channel belt 
j by local subsidence and|
| raised peat 
1
l
| Relatively broad fluvial 
| plain with channel belts 
| localised between 
j interfluves; overbank 








| Elongate valley 
j coincident with basin 
I formed during deposition 
j of underlying Paparoa 







| Small grabenal valley











| Small grabenal valley | 
j fed by small part of | 
| hinterland. To-and-fro | 
j migration of meander j 







COASTAL j Delta front processes 
| dominant and phases of 
I vertical aggradation 
| whilst rivers temporarily 
| offset transgression.
| Coastal embayment at mouth 








| Local progradation at 
| river mouths. Coastal 
| interfluves inundated 
1 to become shelf facies. 






















| Tidal inlet, tidal 












| Vertical building of |
| delta front and |
| distributary sequence in j 
| coastal embayment at j 
j mouth of grabenal valley. | 
j Thick sequence of j 
| vertical aggradation and | 
j large-scale cross-beds |
| suggest increased rates |
| of subsidence balanced | 
j by increased sediment j 
| supply and discharge. |
1













Setting | Fore-arc Back-arc Back-arc
Table 7.1: Suuary of geothermal data (tabulated In Aadland 
and Phoa 1981) fro* across Northern Sumatra that 





Paparoa Trough Late Cretaceous Unknown
Taranaki Late Cretaceous 2.95 A
Bass Late Cret.-Pal. 3.0-3.5 A-M
Gippsland Late Cret.-Pal 4.0-5.0 H
North Perth (D) ( Permian to 1.9 L
North Perth (B) ( Jurassic 5.0 H
Eromanga/Cooper (P) ( Permium to 3.0 A
Eromanga/Cooper (G) ( Jurassic 6.0 H
Canning ( Ordovician to 1.0-3.0 L0-A
Canning (EB,F) ( Triassic 4.0-5.0 M-H
East Shetland Basin Jurassic 3.5 M
Rhine Graben Late Eocene 7.7 V-H
Rhine Graben Late Eocene 4.2 A-H
Average vitrinite 
reflectance gradient
(* R/100 metres) Source(s)
L .06 (0.8-1.3 % )
L .016 Pilaar and Wakefield, 1984
N .025 Smith 1981; Kantsler et al . 1978
N .02 Smith 1981; Smith and Cook 1984
L .014 Thomas 1984; Kantsler and Cook 1979
L .3 Thomas 1984; Kantsler and Cook 1979
L .02 Kantsler et al. 1983
N . 13 Kantsler et al. 1983
L .035 Burns and Kantsler 1978
N .085 Burns and Kantsler 1978
N .052 Goff 1984
N .038 Teichmuller 1982
N .023 Teichmuller 1982
D Dandaragan Trough V H Very high L
B Beagle Ridge H High N
P Anticlinal areas with thick M Moderately high
basement of Palaeozoic A Average *
meta-sediments LO Low
G Troughs underlain by granitic V L Very low
basement
EB,F Elevated basement, proximity
to major fault systems
Linear
Non-Linear
age of strata in deepest part of drill-hole
Table 7.2: Geothermal and vertical vitrinite reflectance gradients of some rift basins
Factors collectively 
necessary for evenly 
spaced iso-rank 
contours
Factors which singularly or 
collectively can cause 
relatively close-spaced iso­









Horizontal (regional) Arched (local) or sagged
Even (regional) Increasingly close-spaced 
with depth (regional)
Consistent Increases with depth (e.g. 
associated with roll-over 
on listric fault)
Linear Non-linear (at high T)
*at time of maximum burial
Table 7.3: Factors affecting lateral spacing of iso-rank 














(intermediate | - large intact 1 texto-uliminite*
reflectance) | plant clasts | eu-ulminite+
j (>  0.02 mm) | telocollinite
derived from plant i ... 1 ____________________________________
stems, roots, leaves i |
and bark but not j Detrovitrinite 1 attrinite*
cuticles, spores | -  fine-grained I densinite+
resins (exinites, | fragmental clasts 1 desmocollinite
below) | forming detritai i
| groundmass i
1 (<0.02 mm) 
1
i





i | corpovitrinite - isolated










1 sporinite, cutinite, resinite, 










(high reflectance) 1 | semifusinite
1 | sclerotinite
raaceral sub-groups 1 ,i
are oxidised 1 i












*In this study and In the 1983-85 drafts for the standard, corpogelinite 
and telovitrinite were defined as intact clasts greater than 0.01 mm or 10 
microns.
Table 8.1; Coal macerai classification
Modified from Standards Association of Australia AS 2856 - 1986
Location Data Base V I E
Millerton m 23p 9d 93 3 4 )Rockies m 21p 7d 96 3 1 1 low E
Stockton m lip 5d 95 3 2 '
Charming Creek wm 7p Id 86 3 11 )New Creek wm 7p Id 85 5 10 j Intermediate E
Garvey Creek wm 2p lc 84 3 13 >
Nine Mile, Greymouth wm 4p lc 63 1 36 ) high E
Birchfields O.C., wm 6p lc 71 2 27 )
Greymouth
Table 8.2: Macérai group composition of Brunner Coals (mineral 
free basis; based on selected data from Appendix 
Table 3.1)
Location Data Base DV TV^C *̂ CV
Millerton m 23p 9d 65 20(5)
20<8)
15
Charming Creek wm 7p Id 68 11
New Creek wm 7p Id 72 î a (7)18(7)
13
Garvey Creek wm 2p lc 63 19
Table 8.3: Relative proportions of detrovitrinite, telovitrinite 
and corpovitrinite (mineral free basis; see also 
Appendix Table A3.1)
m = mean, wm = weighted mean, p = plies, d = drillhole, c = seam outcrop 
* telovitrinite comprising aggregated corpovitrinite-like bands.




5-15% Trace-1% j2 % Trace-2%
Low
<5% Absent-Trace &2% Trace-2%
Table 8 .4 : Suberin lte , corpovitrin ite  and sclerotin ite  content 
of B runner coals w ith low, interm ediate and high exin lte  content
Ash Ash S S Ash Ash S s
(comp) (PD (PD (comp) (comp) (PD (PD (comp)
‘ 1.7 5.29 ' 4.8 1.98
1.5 3.73 4.8 5.30
0.26 3.00 2.7 3.81
0.38 2.26 2.6 7.2 3.73 3.33
Upper 0.14 1.20 1.4 2.46
Composite 0.14 0.85 0.32 1.48
Ply 0.24 0.88 _ 0.31 1.10
0.16 0.74 : 0.15 1.02
0.08 0.60 0.20 0.96
0.06 0.55 0.39 0.92
0.21 0.12 0.57 1.4 0.19 0.87
0.06 0.50 0.16 0.77
0.12 0.57 0.08 0.77
0.08 0.67 0.27 0.06 0.73 0.91
0.10 0.87 0.14 0.73
0.18 1.66 0.23 0.79
0.14 2.74 0.32 0.92
.0.34 3.74 0.17 0.91
Basal 2.4 : 1.1 4.37 4.2 _ 0.04 1.42
Ply . 3.2 4.43 : 3.6 4.28
0.87 2.22





b] DH 1221 (13.44 m)
Table 9.1: Ash yield and total sulphur profiles of plies and 
composites
(Note trend of composite total sulphur in DH 1220 
misrepresents actual trend as indicated by plies)
Drillhole(aetres) Boiax V.M.1 H/C N/C
M 1317/1( 1 . 2 0.80 39.9 N.D N.D
/2(5.9) 1.02 06.0
W/B 1231/1q  8% 1.08 33.1 0.76 0.013
"/ (2.5) 1.12 31.5 0.73 0.013
/3(3.6) 1.06 32.3 0.73 0.010
Table 9.2: Vertical trends in reflectance, volatile natter 
and atonic ratios H/C and N/C.
V.M.1 = V.M. (d.m.a.l/2s.f.)
Drillhole Moist. Ash V.M.1 §o F.S.I. F.d.d.n. l2SioE
M 1310/1 1.4 0 . 8 2 41.5 4.2 9 + |49,594 4.7 |









/2 0.78 3.6 34.3 4.33 9+++ 125,145 4.4 |
Table 9.3: Vertical trends in fluidity with nininal weathering 
as judged by noisture and F.S.I.
V.M.1 = V.M.(d.n.n.l/2s.f.)
Dependant Predictor Increase in
Variable Variable r2 F-ratio(ffl. „ „ , F-ratio (a; „ „ 
1 2  1 2
A In R.max VM .93*
(pr) VM + S .94*
B Rnmax VM .93*
(pr) VM + S .95*
C ARQmax AVM
AVM + AS
•78 121 (0.0001; 1,48)
.84 56.7 (0 .oooi; 2,47) 5 :1 (0.05; 1,47)
D ARnmax AVM .83*
(pr) AVM + AS .84*
Prediction equations - 
r2 =
F-ratio = 
a  = 
v i , v 2 =
see Table 7.10
proportion of total variance of dependant 
variable derived from regression 
square of correlation coefficient r 
significance test for regression coefficients 
significance level 
degrees of freedom
Increase in F-ratio = 
* -
significance test for increased fit of 
additional predictor variable 
insufficient samples to test for normal 
distribution (Table 7.11)
Table 9.4: Statistics for predictor variables volatile Batter 
and organic sulphur on reflectance at Variable vnd 
constant rank (see Tables A3.4 and A3.5)
Note Groups A + B are the sa«e sample population and 
different to Groups C + D. Group D is a sub-saaple 













F-ratio,_ . , 










.20(.25 ) + 
.62(.77)+ 
.71(.89)+
1,23 (0.20; 1,30) 
911 (0.0001; 2,29) 
27,9 (0.0001; 4,27)
ln F .72 31,1 (0.0001; 1,30)











Prediction equations - see Table 7.10 
Explanation of terms - see Table 7.8
(.25) - indicates after removal of six results with high standard
residual
**- note the order in which predictor variables are included 
affects their contribution to SSreg and confidence levels 
see Edwards, 1976 
* - subset with low (^ 1%)
sulphur
Table 9.5: Statistics for predictor variables volatile Batter
and organic sulphur on initial softening temperature 
and fluidity, at variable and constant rank 
Note that in Groups A and B, VM* are sub-sets with low 
sulphur (see Tables A3.6 and A3.7). In Group A In F is 
not normally distributed and in Group C there are 






















Predictor Variables and Coefficients


















Predictor Variables and Coefficients 
(changes in iso-rank serial saaples)
*
14 ARQmax(D) = 0.11-0.035AVM .83 17
15 _ = 0.005-0.032AVM-0.004ASQ .84 17
16 ARQmax(C) = 0.008-0.034AVM .78 50
17 = 0.001-0.029AVM-0.012ASq .84 50
18 AI.S.T. = 11-6.61AVM .71 22
19 = 0.69-6.48ASq .82 22
20 = 5.33-2.73AVM-4.54ASq .86 22
Subset with low (£ 1%) sulphur
Table 9.6: Regression equations for prediction of reflectance 
and rheological properties
Equation
Nos1 Variable n x2 y 2
C  (
1-2 RQmax 22
3-4 In RQmax 22
1-4 V.M. 22 NA
1-4 So 22
6-8 I.S.T. 32* 1.44 < 3.8411-13 In F 32 10.00 > 3.846-8, 11-13 V.M. 32* 0.39 < 3.84COT—( 1y—( T—1CO1CD So 32* 2.24 < 3.84
14-15 ARQmax 17
14-15 AV.M. 17 NA
14-15 AS0 17
16-17 ARQmax 50 1.29 < 3.84
16-17 AV.M. 50* 0.86 < 3.84
16-17 AS0 50* 2.79 < 3.84
18-20 AI.S.T. 22
18-20 AV.M. 22 NA
18-20 ASo 22
NA - insufficient samples for minimum of 5 samples per class and
classes. Graphical representation of frequency distribution is 
illustrated in Figures 9.5, 9.6 and 9.9.
* - sample populations with chi-square statistic indicating normal
distribution.
1 Equation numbers refer to Table 9.6.
p
X chi-squared statistic
Table 9.7: Results of testing reflectance, volatile matter 
yield, sulphur content, fluidity and initial 
swelling temperature populations for normal 
distribution.
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1 153 417 30 264
2 153 416 10 273
3 152 417 15 105
4 152 418 16 142
5 150 417 21 254
6 124 393 10 260
7 169 473 8 235
8 172 475 17 318
9 171 475 6 292
69 171 475 6 114
10 175 473 9 272
11 174 473 9 267
12 174 473 6 097
13 178 476 38 203
14 180 469 11 239
15 178 470 39 080
16 161 464 14 309
17 150 480 10 323
18 178 495 43 007
19 172 493 5 234
20 186 513 14 246
21 186 512 5 193
22 186 511 10 200
23 186 510 5 154
24 175 487 15 227
25 175 487 12 325
26 174 483 14 325
27 174 483 18 316
28 162 480 12 237
29 164 480 12 043
30 181 491 11 140(164) 11131 182 492 7
32 178 482 31 226
33 191 524 8 234
34 191 524 21 203
35 197 528 18 169
36 198 527 9 150
37 151 474 7 298
38 154 474 7 240
40 152 478 14 339
41 152 470 7 316
42 150 478 16 329
43 158 484 14 292
44 184 465 3 034(44)
74 184 465 9 232
84 184 465 11 028
45 187 464 10 082
46 177 488 11 196
47 176 487 10 255
48 175 485 12 300
49 162 474 28 256
50 053 358 7 072
51 056 358 7 032
52 067 365 30 090
53 058 360 19 349
54 059 361 13 207
55 102 394 19 255
56 114 385 16 272
57 093 364 9 253
58 093 363 8 010
49 188 466 14 268(256)
60 193 463 7 254
70 193 463 4 285
80 193 463 3 129




(Scale in) Vector Trend
61 186 464 10 045(40)
71 186 464 6 198
62 149 478 1 ( 0.6 ) 210
63 150 481 4 316
64 150 478 1 ( 2.0 ) 210
65 148 476 2(2.0,2.3) 208
66 153 473 4 240
67 153 474 1 ( 2.3 ) 071










































































































Table A1 .3: Scour Axes Brunner Coal Measures







45 113(95) 26 45 N61 124(113) - 43 38 N25 168 59 32 N24 170 77 21 N32 164 71 24 N21 153 60 29 N
Table Al.4 ; Cross-beds, Brunner Coal Measures, Greymouth Coalfield
1 862 943 10 386(318) 32 78 K2 907 021 2 88 98 15 R3 855 972 2 165 76 57 R"4 863 969 7 181(175) 73 50 N5 862 974 2 124 91 32 R~6 797 975 4 137 89 31 N7 798 974 2 205 91 32 R~
8 860 974 3 178 96 20 N"
9 853 975 3 266 60 68 R"
10 841 900 5 170 83 38 N11 802 992 3 239 44 80 R"
12 799 992 7 256 94 22 N
13 839 901 2 186 23 108 R"
Table Al.5: Cross-beds, Island Sandstone, Greymouth Coalfield
102 864 954 15 357(190) 120
27 59 N
103 806 903 2 99 3 R"
104 798 974 2 210 98 14 R~






non-random; Rayleigh probability i Rayleigh significance statistic 
random; Rayleigh probability s Rayleigh significance statistic 
les9 than five samples
arithmetic mean; only noted if very different from vector mean








Buller 1 1 - 99 897
Buller* 1 * 116
Buller 2 270 - 275 228
Buller 3 162 - 169 45
Greymouth 4 ' 1 - 13 52











*Webb/Baynes area bracketed in Figure 4.12 
Group No. 12, 37, 38, 40-43, 49, 62-68
Basis of V .M . C a lcu la tio n 1 
as a P re d ic to r o f H /C  Ratio r-squared n
V .M . (ad) .83 6 5 :
V .M . (db) .83 65
V .M . (d .m .m .f.) .78 65
V .M . (d .m .m .O s.f.) .82 65
(d .m .m .0 .3 s .f.) .86 65
(d .m .m .0 .5s .f.)
(d .m .m .0 .7 s .f.)1
.89 65
.90 65
(d .m .m .I.O s .f.) .90 65
V .M . (d .m .m .0 .5s.f.) .92 20'
V io te  0 .7  s.f. ind ica tes 30%  retention of su lphur 
in c lu d e s  all sam p les  0 <  ash <  8 
3subse t o rgan ic  su lphur 0 <  1 %
Table A2.1: Effect of sulphur retention on correlation of 
V.M. and H/C Ratio. Based on data in Table A3.9
TABLES A 3 .1  ( a - k ) :  KACERAL AND
Table A3.1 a )
Millerton, Duller Coalfle
DH CRA UW Ply(■) n»
1303/1 35/246 21046 2.55 533
/2 35/247 21047 4 . 12 525
/ 3 35/248 21048 1.78 510
1304/1 35/249 21049 3.75 530
/2 35/250 21050 1.94 523
1314/1 35/285 21082 1.87 543
/2 35/286 21083 0.28 533
1316/1 21086 1.09 504
/ 2 21087 1.68 526
/ 3 21088 0.97 573
1317/1 35/268 21080f 1.20 525
/ 2 35/269 21081 5.83 526
1321/1 21099 4.79 516
/2 21100 2.23 554
/ 3 21101 1 . 25 54 1
1326/1 21089 ̂ 0.40 539
/ 2 21090 3.76 537
/ 3 21091 0.49 503
1329/1 21092 500
/ 2 21093 568
1331/1 21094 538
/ 2 21095 519
/ 3 21096f 519
I E M Ash TV cv DV
3 4 0 .9 179 35 41
2 6 - 1 .2 1®8 17 57
1 3 7 1 1 .3 3°2 2 57
2 4 tr 1 .3 1610 26 524 5 tr 1 ,.9 164 9 66
3 5 3 4 .8 203 11 58
1 8 12 15 .0 291 1 49
3 2 3 C.. 4 196 24 493 4 - 0 .9 122 1 1 706 3 4 9 .6 “ 3 5 682 3 tr 1 .9 129 36 476 4 - 0,.4 93 7 743 3 tr 0,.8 ” 6 24 593 4 - 0 . 4 154 15 632 3 12 30..6 133 10 60
3 4 7 14 .6 1«4 7 632 3 tr 1 ., 2 156 15 64
2 1 20 27 ., 9 2G2 2 49
3 4 14 21 . 7 322 2 45
3 4 tr 3.. 4 184 7 681 2 8 8 .2 2 63
4 3 tr 1 .3 17 10 22 54


























V IT R IN IT E  REFLECTANCE ANALYSES OF BULLER COALS.
Rq " ax
Isf Isc Ellpt Eres Esp Ecut/s C/Q P Vt Vc Vd V(n=50)
3 tr 2 1 tr -/tr 0.97(15) 0.83(25) 9 '92(25) 0.892 tr 4 1 1 - - - 4-97(15) 0.92(25) 9 * 98(32) 0.981 tr 2 tr tr - 7 tr 1*07(15) 0.93(25) 9 '96(32) 0.982 tr 2 1 tr -/tr " tr 0 ‘95(15) 0 '74(25) 9 '83(30) 0.813 tr 3 1 1 - tr ~ 1'06(15) 0 ‘94(25) 0 ‘97(35) 0.973 " 3 1 tr 1/- 2 1 0.82(9) 0 ‘7 4(25) 9 '76(28) 0.761 tr 6 1 1 tr 9 3 0 .B5(i6 ) 0.65(25) 9 ‘75(30) 0.783 ~ 1 1 t r - 3 tr 0.99(15) 0.82(26) 0.92(27) 0.90
3 tr 3 1 tr * - - 1 .°6 (16) 0.95(25) 1 *94(38) 1.03G tr 2 1 - - 3 1 1.05(15) 0 •94(25) 4 * 00(39) 1.002 tr 2 1 tr - tr tr 0.95(15) 0 '75(25) °.85(25) 0.806 tr 2 1 1 - - - i.05(is) 0 '92(25) 4 '02(40) 1.022 1 2 tr tr -/tr - 1 1 05(6) 0 '85(26) 0.94(31) 0.942 1 3 1 ~ tr/- " 1 ' 14(6) 0 ‘94(24 ) 1 '92(34) 1.022 tr 2 tr 1 tr/- 11 1 1 11 ( 7 ) 0.98(26) 4 '02(40) 1.033 tr 1 ] 1 - G tr 1.26(9) 1 •11(26) 1■47(38) 1 . 161 tr 2 tr tr tr/ tr tr - 4 -22(14) 1 '97(25) 4'14(34) 1 . 131 1 1 - - - 20 tr 1 13(15) 9 '99(2 ) 4 -07(32) 1.093 ~ 3 t r ~ 1/- 14 tr 1 ‘02(25) 9 '87(2) 9 * 94(28) 0.962 1 3 tr 1 tr/- tr " 1 •12(25) 4 ‘04(3) 1 •05(37) 1.061 tr 1 1 tr 7 1 1 -04(25) 9 '89(25) 0,97(34) 0.993 1 2 1 tr - tr tr 1 1 5 (15) 4 '94(25) 1 •06(29 ) 1.051 tr 2 tr - tr/- 2 - 1'18(9) 4'04(24 ) 1 '99(36) 1.09
Table A3.1 b)
Rockies, Buller Coalfield
DH CRA UW Ply(■) nm
1255/1 32/777 20397 1.81 534
/ 2 32/778 20348 11.21 537
1256/1 32/780 20399 7.25 534
/2 32/781 20400 0.79 531
1258/1 32/785 20401 0.51 502
/2 32/786 20402 1.30 512
/ 3 32/787 20403 0.49 510
1260/1 32/819 20518 1.59 543
/ 2 32/820 20519 2.67 538
/ 3 32/821 20520 0.55 514
1263/1 32/803 20521 1 . 15 509
/ 2 32/804 20522 3.25 527
/3 32/805 20523 3.12 521
/ 4 32/806 20524 4.18 549
/5 32/807 20525 2.06 549
1266/1 34/877 20526 1.34 550
/ 2 34/878 20527 2.43 551
/ 3 34/879 20528 1 . 18 542
1274/1 32/882 20739 2.00 521
/2 32/883 20740 4.65 517
/ 3 32/884 20741 1.35 527
Key to Table A3.1 is located after
VBE___ M Ash TV CV DV
2 5 6.7 19 71
1 2 3.7 9 85
2 2 1 . 1 5 87
2 4 7.8 1 92
1 7 12.3 1 91
2 1 1.7 6 87
0 6 9.3 8 83
tr 1 1.6 1 96
2 tr 1.4 5 89
1 13 22.4 16 69
tr 1 1.2 5 91
2 2 2.8 7 86
2 tr 1 . 1 4 92
1 tr 0.3 6 86
tr 7 13.4 1 90
1 - 4.4 7 90
1 tr 0.9 6 91
1 tr 0.9 4 93
2 tr 0.8 8 87
2 2 1.3 1 1 83

























R m a x
Isf Isc Elipt Eres Esp 1Ecut/s
3 tr tr 1 tr tr
3 tr tr tr - 1
4 - - tr tr 1
2 tr
1
tr tr tr tr
4 tr tr tr 1
2 tr - - - -
2 - tr - - -
3 tr 1 - - 1
1 - 1 - - -
2 1 - - - tr
2 1 1 tr tr 1
2 - tr tr tr 1
6 tr - - - 1
1 tr tr - - -
2 - tr - - 1
2 - tr - - 1
2 - tr - - 1
2 1 1 tr tr tr
2 tr 1 tr - 1
1 t r tr 1 - 1
c • Vd V(n=50)
1 -21(40) 1.22
1 •28( 4 5 ) 1.29
1.21(47) 1.21
1 1 3 (50) 1.13
1 2 1 (50) 1.21
1 11(47) 1.211.22(45) 1.22
1 - 08 ( 5 ° ) 1.081 .30(47) 1.31
J - ^ ( 4 D 1.21
1 -10(48) 1 . 10
1 -33(40) 1.34




























T a b le  A 3 .1 c )
Stockton, Buller Coalfield
DH CRA UW PiyiiJ nm V I E M Ash
VATV VBCV DV
1202/1 32/765 20088 3.06 521 96 1 2 1 0.8 6 90
/ 2 32/766 20089 3.10 583 96 1 3 tr 2.4 16 80
/ 3 32/767 20090 2.39 542 94 1 3 2 7.2 4 90
1204/1 32/755 20091 4.00 521 92 4 4 tr 1.4 22 70
/ 2 32/756 20092 3.28 520 82 2 2 14 21.9 34 48
1208/1 32/759 20095 5.63 531 96 3 1 tr 0.5 20 17 59
/ 2 32/760 20096 0.64 547 84 1 tr 15 17.9 37 1 46
1209/1 32/761 20097 4.8 521 95 2 3 tr 0.8 8 87
/ 2 32/762 20098 1.85 524 96 2 2 tr 1.6 8 88
1210/lp 32/825 20286 0.45 574 94 3 2 1 1.0 1 93
/8P 32/832 20287 0.50 504 95 4 1 - 2.2 6 89
1211/3P 32/660 20288 0.73 518 92 4 4 tr 0.3 7 85







530 85 2 1 12 14 . 1 493 5 31
/ 2 31/034 20535 4.7 535 97 1 1 1 2.9 317 5 61
1218/1 31/113 20540 8.83 504 92 4 3 1 6.5 6 86
/ 2 31/114 20541 4.26 521 90 4 3 3 2.6 6 84
1235/1 31/109 20539 1 . 18 500 92 4 4 tr 2.8 224 5 65
1236/1 31/103 20536 1 .20 506 94 1 4 1 2. 1 174 9 68
/ 2 31/104 20537 3.9 510 95 3 2 tr 0.4 23g 12 59
/ 3 31/105 20538 2.4 514 93 2 4 1 1.5 23g 8 62
Table A3.1 e)
Charming Creek, Buller Coalfield
DH UW Ply(«) nm V I E M Ash TV CV DV
Rider Seam 21636 0.56 545 90 3 6 1 32i2 11 47
( 21635 0.47 504 75 3 15 7 221 4 49
( 21634 0.66 529 87 1 11 1 25(5 13 49
( 21633 1.37 523 84 4 12 tr ie8 8 58
Main Seam ( 21632 1 . 13 514 86 4 9 1 12? 10 64
( 21631 1.15 521 86 4 10 tr 16g 1 1 59
( 21630 0.45 526 91 4 4 1 174 11 63( 21629 0.36 544 83 1 5 11 173 6 60
R., max
Isf Isc Elipt Eres Esp Ecut/s c/o P
1 VAVt VBVc Vd
1
V(n=50)
1 1 tr 1 tr 1.11(94 ) 1'12(100)
1 tr 1 1 1 tr 1 • 17(93) 1■19(100)
tr 1 1 1 1 tr 1 * 19(94) 1 •20(100)
4 - 1 2 1 tr 1 '06(38) 1•10(50)
2 - - - 2 - 1 * 07(29) ;-“ (50)
3 - 1 tr tr - tr 1 .20(42) 1-21(50)
tr t r - tr - - 15 1 1.20(42) 1‘21(50)
2 - 1 1 tr 1 l-09(46) 110(50)
2 - tr 1 1 tr 1 •07(50) 1-07(50)
3 - 1 - - 1 0 '97(50) 0 '97(50)
4 - 1 - tr tr 1-01(47) 1 ‘02(50)
4 tr 3 1 tr - 1 04(46) '■05(50)
4 - tr 1 tr tr 1 -06(43) 1 ‘07(50)
2 tr tr tr - tr 12 - 1 -06(25) 1 -04 (25)1 tr 1 tr tr 1 tr 1 1 0 (25) 1 *08 (25)4 - 1 1 1 - 1 - 1-19(25) 
1-23(25) 
1 0 7 (25) 
0 •29(33) 
1 •04(25)
4 tr 1 tr 1 tr 2/1 tr
3 tr 2 1 tr tr tr -
1 tr 3 - tr tr 1 tr 1 -02 (25)3 - 2 tr tr - tr - 1 •18(25)2 - 2 1 tr - 1 tr 1 1 6 (25) !.01(25)
Isf Isc Elipt Eres Esp Ecut/s c/q p 1 VA Vt
R0 «ax
VBVc Vd
2 tr 3 1 2 tr i _ 0 ’69(25) 0 '60(25)3 tr 11 tr 3 7 tr 0 '73(25) 0 '8 2 (25)1 tr 9 1 1 ~ 1 - 0 '7 8 (25) 0 '7 0 (25)3 tr 9 1 1 tr tr -
4 tr 6 1 1 tr 1 -
4 - 8 1 1 tr tr -
3 1 3 1 1 - 1 - 0 ’7 4 (25) 0 ‘70(25)1 tr 3 tr tr - 10 1
Table A3.1 f)
New Creek, Inangahua Junction
DH UW Piy(«0 n> V I E M Ash TV CV DV
( 21281 0.58 517 80 6 13 tr U 5 14 55( 21280 1.04 502 85 5 8 1 13g 18 54
( 21279 1.04 544 85 5 9 1 135 11 611 Seam ( 21278 1.12 509 87 5 8 - 138 13 61
( 21277 1.07 510 82 7 11 - 64 7 69( 21276 1.06 514 85 5 9 1 u 9 10 64
( 21275 0.65 510 88 2 7 3 255 3 60
Table A3.1 g)
Island Block (Face Samples, Opencast), Garvey Creek, Reefton
DH U W Ply(«) nm V I E M Ash TV CV DV
Uppermost 20377 0.02 605 80 1 18 1 h'R 421 5 336 21628 2.0 508 88 2 8 2 3.6 35io 12 415 21627 1.0 513 81 1 18 tr 7.6 397 10 32
4 21626 0.5 519 77 2 6 15 22.2 343 6 373 21625 2.0 543 87 2 10 1 1.7 3715 15 352 21624 1.0 564 77 2 16 4 9.0 3 7 4 6 34
Basal 1 21623 2.5 529 86 2 12 tr 0.4 218 17 481 21622 3.0 524 82 5 13 tr 0.6 " 4 14 57
Table A3.1 h)
Island Block (DH 112), Garvey Creek. Reefton
3 21637 0.1 551 86 2 9 3 NR 494 3 342 21638 0.6 546 84 2 10 4 NR 345 3 47
2 21639 0.5 518 88 3 4 5 NR 373 6 451 21640 0.05
1 21641 0.3 527 70 1 7 22 NR 44tr 1 251 0.6
1 0.6
1 0.6
1 21642 0.6 509 85 1 13 1 NR 3410 13 38
1 21643 0.6 500 81 2 16 1 NR 249 12 45




1 21645 0.9 542 87 4 9 tr NR 24? 13 50























lipt Eres Esp Ecut/ß C/O P Vt
9 3 1 tr _ tr 0.
6 1 1 tr 1 tr 0.
7 1 1 tr 1 tr
5 2 1 - - -
8 2 1 - - -
7 1 1 - 1 - 0.






1 VAElipt Eres/f1 Esp Ecut/s C/Q P Vt Vc
13 -/2 1 2/- - 1 0.55(25) 0 ‘4 9 (25)6 1 tr tr/1 1 1 0.59(25) 










0 .6 9 ( 2 5 )
°-69 (25) 0.65(25) 
0.68(25)
10 2 1 2/1 4 -
7 2 1 1/1 tr -












tr 0 ‘66 (25)
0.60(25)
3 1 tr tr 5 tr
4 3 tr 1 19 3
0.76(25)











tr 0 7 3 (25) 0.66(25)











tr 0 '79(25) 0 '74(25)
T a b le  A 3 .1  1)
DH
Table
Cliffside Mine. Nine Mile Beach, Greyaouth
uw Ply(w) na V I E M Ash TV CV
1 6825-6830 0.16 699 50 1 47 2 NR 8 42
1 6818-6824 0.27 1090 37 tr 26 37 NR 5 32
1 6830-6817 0.32 902 60 1 37 2 NR 13 46








1.60 0.36 1439 61
6851-6856 0.24 704 81





6866-6873 0.36 1493 74
Not Collected 0.50
1 37 tr NR 8 54
2 36 1 NR 3 59
1 18 tr NR 18 63
3 38 tr NR 6 53
2 19 tr NR 7 72
1 24 1 NR 13 61
Isf Isc Elipt Eres/fl Esp Ecut/s C/Q P 1 VA Vt Ve VB 1 Vd
1 31 10 1 1/2 1/1 tr 0 ’35(25) {6830}t r 16 7 1 1/1 3/17 17
1 24 8 2 1/3 tr/1 1
1 1 1 7 4 2/2 1/1 3 0.38(25) {6805}
1 tr 23 7 1 2/3
1 1 22 10 2 1/21 tr 10 5 3 tr
2 2 26 6 3 1/3
2 - 11 5 1 1/1
1 tr 15 5 2 1/1
0 .6 2 ( 2 5 ) <6842 )
1 °.60(25) {6882}






Detai1s UW PI y(c*) n* V I F. M
VATV VBCV DV I_sf I sc El i£t Eres Esp Ecut/s C/Q P
1 vA V 
Vt VC B Vd
Mt Garibaldi 0.4m* 890G 2.5 659 86 10 4 tr 8 5 73 8 2 2 1 1 tr tr - 0 • 7-5 ( 30 ) ( 8899}
Reefton S 16bl 6934 2.5 559 89 5 6 - 9 4 76 4 1 3 1 1 1 - - 0.49{25){6941)
Reefton C 1ml 6960 2.5 565 76 1 23 - 21 5 49 1 - 1 1 5 1 2/4 - - 0•53(3Q)( >
Reefton C 1ml 6960 2.5 54 1 94 1 5 - 38 9 47 1 tr 1 1 2 1 - -
Greymouth BB 0.3m2 7100 2.5 604 80 3 4 13 5 23 52 2 1 - 3 tr tr 10 3
Greymouth BB 2t 1 7099 2.5 570 91 1 7 2 12 7 72 1 tr 1 1 1 4 2 - 0.86(25)
Greymouth BB 2bl 7098 2.5 643 88 3 6 3 8 2 78 2 1 4 2 1 tr 3 - 0 '83(25)
Greymouth MD 1ml 7143 2.5 637 70 3 27 - 14 8 49 3 tr 14 3 1 9 tr - 0.70(30)
Greymouth CT 2m 1 8911 2.5 596 88 4 8 - 9 3 7 6 4 tr 5 1 1 2 - - 0.60(30)
Charleston M .15ml 21680 4.0 515 84 1 15 - 19 5 60 1 10 2 - -/3 - - 0 3 4 (25)Charleston M 15ml 21681 5.0 501 91 2 7 tr 13 7 69 2 tr 4 2 tr 1 tr - 0 '37(35)Fletcher Ck IV 3bl 21682 5.0 540 84 6 1 1 - 15 13 56 6 tr 7 1 2 1 - - 0 '35(25) {6962}
Fletcher Ck IV 6m3 21683 3.0 531 92 3 5 tr 19 5 68 2 1 3 2 tr - - tr
Fletcher Ck IV 114 21684 4.0 509 69 18 13 - 4 4 61 16 2 6 4 2 1 - -
Punakaiki LC 4 11 21685 5.0 503 86 5 9 - 20 6 60 5 tr 6 2 tr 1 - - 0 '39(30) {8815}Punakaiki LC 4b 1 21686 5.0 555 86 3 11 tr 15 4 66 3 tr 6 2 tr 1 - -
Buller Gorge 11 7bl 21687 5.0 533 80 9 1 1 - 7 2 71 9 1 8 2 1 tr - tr
Punakaiki BM 5b 1 21688 5.0 522 89 2 9 - 26 6 57 2 1 5 1 tr -/3 - - 0 -30(30) {9209}Punakaiki BM 5b 1 21689 5.0 519 87 2 1 1 t r 32 5 50 2 tr 7 1 1 2 tr -
Charleston SO 4ml 21690 6.0 541 90 2 8 24 8 58 2 tr 5 1 1 2 tr - 0.22(30) {9175}
Location: S - Starline Mine, C - Capleston, BB Brunner Bridge, MD - Mt Davy, CT - Croesus Track, M -- McLaughlins Mine, IV - Inangahua Valley,
LC - Lawson Creek, H - Heaphy's Mine, BM - Brighton Mine, SO - Sunshine Opencast 
Seam Details: 1st numeral - seam thickness; middle letter - position in seam; t - top, m - middle, b - base;
2nd numeral - seam number, basal seam is 1.
* Numerous thin seams at this locality
Explanation of Tables A3.1 (a-k)
DH ® drillhole number Ply(m) - ply thickness in metres V =* total vitrlnitc E
CRA = Coal Research Assoc nm - number of waceral point I - total inertinite M
of N.Z. number counts
UW * Univ. of Wollongong sampel number
total exinite Ash
total mineral matter, 21080^
petrographic determination
ash yield, proximate analysis 
very fine coal dust removed to 
facilitate setting*
(6962) - adjacent sample upon which reflectance measurements were made, tr - 0.1-0.4%, TV - telovitrin 1te, 183 - subnumeral indicates proportion that is 
comprised of corpovltrin 1te-1ike bands, CV - gelovltrinlte, DV - detrov11r1n 11e, VA - Vitrlnite A (-TV). VB - Vitrinite B (= DV+CV), VC = corpovitrlnite. 
Vd - detrovitrin 1 te y P-  pysife
Isf - semi f us in 1 te , Q r cju<a/1z
Isc - sclerotinlte. Elipt - 1iptodetrinlte, Eres - reslnite and fluorinlte (fl), Esp - sporlnite, Ecut/s - cutinite/suberinite
Location V, V V
























Cedar Saddle ( CS5 )
Beggs Outcrop (CS6)
Burnetts Face ( CS7 )
Hut Stream
Hut Stream

















Escarpment Mine (base) 
Sullivan Mine
Rockies DH 1275 (21.7-22.5 m)


















U.W.No. ___Y t _ vc
18547 ° ‘76(30)18548 0 ‘73(30) 
0.68(30)18549
18550 0.68(30)





18884 0 '64(30)18885 0.75(30)
18886 0 '76(30)18887 °-73(30)18920 0 ‘70(30)
18921 0 - 72(30)18922 0 '7 1 (30)18923 0.67(30)
18924 0 -72(30)9223 0 '31(25 ) 
0 5 3 (25) 
1 ‘19(25) 
1 1 3 (25)
20279 0.59(25)
9171 0 - 63(30) 
0 ‘52(30)91729173 0.55(30)











1 3 1 (15) 














21670 1'32{25 ) 
1•33(25 )21671 1 ' 24(25 )21673 1•37{25 )21667 1'07(25)21668 1127(25) 1-15(25) 
1 11 (25)21669 1•22(25 )21664 1•08(25 ) 
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•Samples loaned from the University of Canterbury
W/B - Webb/Baynes 
W.V. - Waimangaroa Valley
Table A3.2: Vitrinite reflectance measurements of samples for which there 
are no accompanying maceral analyses (Buller Coalfield).
Location DH/ply Ash F.S.I. Moisture V.M.(a.d.) V.M.(d.m.m.l/2s.f.) H/C at.ratio
Stockton 1202/2 2.4 9 + 1.3 32.7 32.6 0.748
—  0­
0.451203/1 1.5 9+ 1.3 33.1 33.7 0.768 0.52
n 7.5 9+ 1.1 30.9 33.0 0.766 0.441204/1 1.4 9+ 1.4 34.5 35.3 0.790 0.531207/1 0.4 9+ 1.2 33.4 33.8 0.768 0.811209/1 0.9 9+ 1.5 34.1 34.7 0.758 1.07/2 1.6 9+ 1.0 34.7 35.0 0.762 3.201210/1 1.2 9+ 1.2 35.2 35.4 0.763 3.241211/1 0.3 9+ 1.5 34.2 34.6 0.756 0.81
/ 2 3.2 9+ 1.0 33.0 33.6 0.760 2.76Webb/ 1214/1 2.9 9 + + 0.8 33.4 34.1 0.770 2.48
Baynes 1215/1 0.9 9+ + 0.9 38.4 38.5 0.788 3.96
/ 4 3.7 9 + 1.0 33.2 34.3 0.781 1.57
/5 1.1 9+ 1.3 32.9 33.2 0.746 2.62
1216/1 4.0 9+ 0.8 32.9 34.1 0.767 0.96
1217/2 0.6 9 + 1.3 33.1 33.5 0.751 0.82
/3 2.3 9+ 1.0 32.1 32.6 0.748 1.84
/ 4 1.1 9+ 1.0 32.6 32.6 0.736 3.55
1220/1 0.2 9+ 1.2 32.0 32.2 0.742 1.38
/2 2.4 9+ + 0.8 31.7 31.8 0.726 4.15
1225/1 1.0 9 + 0.8 29.8 30.2 0.731 0.76
/ 4 2.4 9 + 1.0 27.3 28.0 0.706 0.54
1226/1 4.0 9 + 1.2 29.8 31.0 0.747 0.93
/2 0.1 9+ 0.4 30.6 30.8 0.725 0.72
/3 0.5 9 + 1.1 29.4 29.7 0.726 0.65
1228/3 0.5 9+ 1.0 30.4 30.5 0.730 1.28
/ 4 1.8 9 + 0.8 30.9 30.6 0.728 3.54
1231B/2 0.6 9 + 1.2 31.2 31.5 0.731 1.40
/3 2.1 9+ 1.1 32.1 32.3 0.731 3.50
1234/1 4.7 9+ 0.9 33.8 35.0 0.776 2.65
1236/1 2.1 9 + 1.1 36.5 35.0 0.762 2.87
1237/2 0.7 9 + 1.1 32.2 32.5 0.740 1.51
/3 4.0 9+ 1.0 32.3 33.0 0.745 3.30
1234/1 2.7 9+++ 0.7 27.3 27.7 0.733 1.64
/2 1.5 9 + 1.1 27.3 27.6 0.712 1.00
1241/3 2.8 9* 0.9 27.2 27.1 0.680 2.79
1243/1 1.1 9 + 1.1 30.1 30.3 0.722 1.66
F/3 1.4 9 + 1.0 34.3 34.5 0.760 3.0G
OC/1 1.7 9 + + 1.4 32.3 32.6 0.734 3.35
UG2/1 1.2 9* 1.3 37.6 38.2 0.792 2.44
/ 4 6.6 9+ + 1.0 33.8 36.1 0.780 3.18
UG4/2 1.9 9+ + 1.2 34.5 35.3 0.781 0.91
UG5/3 1.3 9 + 1.2 32.7 33.1 0.754 1.86
UG6/1 1.5 9 + 1.1 33.0 33.4 0.778 2.04
UG7/3 4.0 9 + + 1.0 33.1 34.5 0.767 3.37
UG8/1 0.4 9 + + 1.3 33.9 34.2 0.760 1.55
/2 3.6 9+ + + 0.8 33.7 34.3 0.762 4.33
UG9/2 0.3 9 + 1.2 33.1 33.4 0.737 1.98
/3 2.7 9+ + 0.8 33.5 33.9 0.761 3.96
Mi 1lerton 1301/2 1.2 9 + 1.5 36.1 36.8 0.782 1.40
1302/1 0.6 9 + + 1.2 39.5 34.2 0.798 4.48
1303/2 1.2 9 1.6 30.3 37.0 0.791 1.78
1304/1 1.3 9 + 1.2 41.6 40.1 0.822 4.75
1309/4 0.2 9 + 1.4 36.5 37.0 0.784 0.89
1310/2 0.4 9 + 1.4 36.1 36.5 0.783 0.83
1313/1 1.4 9+ 1.4 40.1 40.7 0.807 4.34
1314/1 4.8 9 1.0 42.7 44.7 0.854 4.71
1317/2 0.4 9+ 1.3 35.6 36.1 0.777 0.99
1318A/1 1.4 9 + 1.2 35.1 35.5 0.773 0.87
1320/1 0.9 9 + 0.9 38.7 38.8 0.779 4.90
1321/1 0.8 9 + 0.8 37.6 37.5 0.792 4.42
1324/1 1.8 9 1.2 40.1 40.7 0.808 4.92
1332/1 1.9 9 0.8 36.6 37.4 0.786 0.81
Table A3.3: Data base for correlation of volatile matter and H/C atomic ratio.
Location DH^gly Moisture Ash F.S.I . V . M . (d , ■. ■,l/2s. f .) J>0
s 1202/2 1,.3 2,.4 9+ 1,.19 32..6 0 .45
/3 1,.1 7,.2 9+ 1 .20 32,.2 0 .48
s 1204/1 1,.4 1,.4 9+ 1..10 35,.3 0 .53
s 1208/1 1 .4 0,.5 9 1.21 33 .6 1.64
s 1209/1 1,.5 0,.8 9+ 1,.10 34,.7 1,.07
/2 1 .0 1..6 9+ 1,.07 35,.0 3,.20
R 1255/1 1 .2 6,.7 9 1,.22 31,.1 0 .76
/2 1,.2 3,.7 9 1..29 28,.3 1,.28
R 1256/1 1 . 3 1,.1 9 1,.21 31,.4 2..36
/2 0,.7 7..8 9+ 1,.13 32,.5 3..93
R 1274/1 0 .9 0,.8 9+ 1,.22 29,.8 4,.15
/3 1.0 3,.0 9+ 1,.24 29,.1 2.,57
M 1303/1 1.3 0,.9 9++ 0,.89 40..1 4..75
/2 1.6 1,.2 9 0 .98 36 .9 1,.78
M 1304/1 1,.2 1,,3 9 + 0,.81 42,.1 4,.91
/2 1.6 1..9 9+ 0..97 37..5 1..91
M 1314/1 1.0 4..8 9 0,.76 44,.7 4,.71
M 1317/1 1,.0 1..9 9++ 0,.80 39..9 5.,12
/2 1.3 0,.4 9+ 1..02 36,.0 0.,99
M 1321/1 0 .8 0,.8 9+ 0..94 37,.6 4.,42
M 1331/1 0 .7 8,.2 9+ 0,.99 37..3 2.,17
/2 1.2 1,.3 9 1..05 33 .3 1,.19
(S = Stockton, R = Rockies, M = Millerton, pr = pro-rata)
Table A3.4: Data for nultivariate analysis of relationship between
vitrinite RQsax and predictor variables V.M.(d.a.a.l/2s.f.) 
and organic sulphur (SQ).
Location DH/plies F.S.I. Ash Yield ARQmax. AV.M. (d.M.M.1/28.f. )
-&0-
a] F.S. I. > 8 .5; Ash < 8 .5; n > 50; RQmax = pro-rata basis
M 1303/2-1 9**/9 0.94/1.2 -0.09 +3.2 + 2.97M 1304/2-1 9+/9+ 1.3/1.9 -0.16 +4.6 +3.00M 1317/2-1 9**/9* 1.9/0.44 -0.22 +3.9 +4.13M 1331/2-1 9+/9 9.2/1.3 -0.06 +4.0 +0.98B 1202/3-2 9*/9* 2.4/7.2 +0.01 -0.4 +0.03S 1209/2-1 9*/9* 0.84/1.6 +0.03 -0.3 -2.13R 1255/2-1 9/9 6.7/3.7 -0.07 +2.4 -0.52R 1256/1-2 9/9* 1.1/7.8 +0.08 -1.1 -1.57R 1274/3-1 9+/9 + 0.84/3.0 -0.02 +0.7 + 1.58
b] Reflectance values from Table 1, Newman (1984); specifications asabove
W 1215/5-1 9++/9+ 0.88/1.1 -0.16 +5.5 + 1.34W 1220/2-1 9*/9** 0.21/2.4 -0.04 +0.4 -2.76W 1222/3-2 9/9 0.28/4.8 -0.07 + 1.6 -2.49W 1222/3-1 9/9 4.6/4.8 -0.15 +4.4 -1.13W 1241/3-2 9/9* 0.36/2.8 -0.11 +3.4 -2.78W UG7/2-1 9/9 7.6/0.38 -0.03 + 1.1 +0.83W UG/2-3 9/9** 0.38/4.0 +0.02 +0.2 -2.34w F3/1-2 9/9* 0.28/1.4 +0.02 +0.1 -3.05
C] All other data
M 1303/2-3 9/9* 1.2/11.3 0.OOpr + 1.2 +0.57
M 1303/1-3 9**/9* 0.94/11.3 -0.lOpr + 2.0 +3.54
M 1314/1-2 9/8 4.8/1.5 -0.02pr -0.6 +2.12
M 1316/2-1 8 /8 6.4/0.9 -0.13pr +3.2 + 2.52
M 1316/2-3 8 /9 0.9/9.6 +0.03pr -0.7 -1.4
M 1316/3-1 8 /9 6.4/9.6 -0.lOpr + 2.5 + 1 .12
M 1326/1-2 8 / 8 14.6/1.2 +0.03pr -0.7 -0.31
M 1326/1-3 8 n 14.6/27.9 +0.07pr -2.5 -0.21
M 1326/2-3 8 /7 1.2/27.9 +0.04pr -1.8 -0.10
M 1329/2-1 8/8 21.7/3.4 +0.lOpr -4.5 -0.44
M 1331/3-2 9/8 1.3/8.1 -0.04pr +0.9 +0.68
M 1331/3-1 9*/8 8.3/8.1 -0.lOpr +4.9 + 1.66
S 1204/2-1 9*/7 1.4/21.9 -O.Olpr +0.3 +0.07
S 1208/2-1 9/9 0.53/17.9 -0.00pr +2.1 + 0.92
R 1258/3-1 8 /8 12.3/9.3 +0.Olpr + 0.1 -0.93
R 1263/5-1 9*/8 1.2/13.4 -0.30pr +5.8 +4.16
W 1226/4-1 9+/9 4.0/0.4 -0.lid +2.3 +0.03
W 1226/4-8 9/9 0.26/3.8 +0.06d 0 -2.93
W 1226/8-1 9*/9 4.0/3.8 -0.05d + 2.3 -2.90
W 1225/4-2 9/9* 1.4/2.4 -0.04t + 1.2 +0.09
W 1225/4-1 9*/9* 1.0/2.4 -0.05t + 2.2 +0.22
W 1225/2-1 9*/9 1.0/1.4 -O.Olt + 1.0 +0.13
W 1231B/2-1 9/9* 4.7/0.56 -0.04c + 1.6 -0.82
W 1231B/2-3 9*/9* 0.56/2.1 +0.06C -0.8 -1.10
W 1231B/1-3 9/9* 4.7/2.1 +0.02c +0.8 -2.72
W 1230/2-1 9/9 5.6/0.67 +0.08c -2.0 -0.46
w 1230/2-3 9/9 0.67/3.2 +0.04C +0.9 -2.03
w 1230/3-1 9/9 5.6/3.2 -0.04c +2.9 -2.49
w 1236/2-1 9*/9 2.1/0.37 -0.12c + 1.8 + 1.48
w 1236/2-3 9/9 0.37/1.5 +0.03C -0.3 -0.91
w 1236/3-1 9*/9 2.1/0.5 -0.09c -3.1 +0.47
w 1214/2-1 9/9** 14.1/2.9 -0.04t + 2.1 -1.39
w 1218/2-1 9/9 6.5/2.6 -0.04B +2.6 -2.04
c = corpovitrinite M = Millerton
t = telovltrinite R = Rockies
pr = pro-rata S = Stockton
d = detrovitrinite W = Webb/Baynes
B = detrovitrinite plus corpovitrinite
Note: The signs + , -- respectively indicate up-seam increases and decreases
Table A3.5: Data for multivariate analysis of relationship between within-sea* changes in 
reflectance (ARQ«ax), volatile Matter (AV.M.) and organic sulphur (ASQ)
DH/Plv F.S.I. Moisture Ash Yield In F I.S.T. V.M.(d.m.m.1/28.f.) -So-
s 1202/2 9+ 1.3 2.4 6.96 400 32.6 0.45
/3 9+ 1.1 1.3 7.11 402 32.2 0.48s 1209/2 9+ 1.0 1.6 10.13 382 35.0 3.20s 1211/2 9+ 1.0 3.2 10.54 377 33.6 2.76
w 1214/2 9++ 0.8 2.9 10.40 378 34.1 2.48
w 1220/1 9+ 0.8 0.2 6.86 402 32.2 1.38
/ 2 9+ 1.2 2.4 9.32 380 31.8 4.15
w 1226/1 9+ 0.9 0.13 6.02 399 30.8 0.72
w 1228/3 9+ 1.0 0.13 5.80 410 30.6 1.28
/ 4 9+ 0.8 0.5 7.79 394 30.5 3.54w 1234/1 9 + 1.0 4.7 10.34 383 35.0 2.70w 1235/1 9 1 . 1 2.8 10.49 390 34.4 2.43
w 1239/2 9f 1.1 1.5 5.98 411 27.6 1.0
w 1241/3 9 + 0.9 2.8 6.85 407 27.1 2.79w UG2/1 9 + 1.3 1.2 10.72 388 38.2 2.44
/ 4 9 + 1.0 6.6 9.76 384 36.1 3.18w UG8/1 9 + + 1.3 0.4 6.46 400 34.2 1.55
/ 2 9++ + 0.8 3.6 10.13 370 34.3 4.33w UG9/2 9 + 1.2 0.3 9.58 400 33.4 1.98
/ 3 9 + + 0.8 2.7 9.96 380 33.9 3.96
M 1301/4 9 + 1.1 2.1 10.10 385 37.5 3.05
M 1303/1 9 + + 1.3 0.95 10.19 386 40.1 4.75
M 1309/3 9 + 1 .1 0.7 10.70 391 39.1 3.24
/ 4 9 + 1.4 0.16 7.10 398 36.1 0.88
M 1310/1 9 + 1.4 0.82 10.81 378 41.5 4.20
/2 9+ 1.4 0.38 6.88 404 36.6 0.83
M 1317/1 9 + + 1.0 1.9 10.81 385 39.9 5.12
/ 2 9 + 1.3 0.44 7.14 402 36.0 0.99
M 1318A/1 9+ 1.2 1.4 7.17 402 35.8 0.87
/ 2 9 + 1.1 2.8 9.02 400 35.9 0.70
M 1302/2 9 1.3 1.7 10.02 390 37.4 2.11
M 1315/2 9 1.3 3.7 7.68 396 37.1 0.96
S = Stockton, W = Webb/Baynes, M = Millerton
Table A3.6: Data for multivariate analysl 8 of relationships between fluidity (In F)
initial swelling temperature (I.S.T.) and predictor variables volatile
matter (d.m .m.l/28.f.) and organic sulphur <So)
DH/Plies Ash (d.b.) F.S.I. Moisture Al.S.T. AV.M.(d.m.m.l/2s.f.)
S 1202/2-3 2.4/7.3 9+/9+ 1.3/1.1 - 2 +0.4
—
-0.03
S 1203/1-2 1.5/7.5 9 + /9 + 1.3/1.1 + 7 +0,7 + 0.08
S 1209/1-2 0.85/1.6 9+/9+ W1.5/1.1 + 11 -0.3 -2.13
S 1211/1-2 0.3/3.2 9 + /9 + Wl.5/1.1 + 17 + 1.0 -1.95
R 1274/1-3 0.85/3.0 9 */9+ 0.94/0.96 - 5 +0.7 + 1.58
W 1215/1-5 0.89/3.7 9++/9+ 0.91/0.98 -25 + 4.2 + 2.39
W 1220/1-2 0.21/2.4 9+/9++ 1.2/0.8 + 22 + 0.4 -2.77
W 1226/2-3 0.13/0.52 9+/9 + 0.9/1 . 1 - 8 + 1 . 1 + 0.07
W 1228/3-4 0.51/1.8 9*/9 + 1.0/0.8 + 16 -0.1 -2.26
w UG2/1-4 1.2/6.6 9+/9++ 1.3/1.0 + 4 + 2.1 -0.74
w UG8/1-2 0.41/3.6 9++/9+++ 1.3/0.78 + 6 -0.1 -2.78
w UG9/2.3 0.32/2.7 9+/9++ 1.2/0.84 + 20 + 0.5 -1.98
M 1301/2-4 1.2/2.1 9+/9 + 1.5/1.2 + 15 -0.7 -1.65
M 1317/1-2 1.9/0.45 9++/9+ 1.0/1.3 -17 + 3.9 +4.13
M 1325/4-5 1.7/6.6 9 + /9 + 0.8/1 . 1 + 19 -0.6 -0.70
M 1331/1-2 8.2/1.3 9 + /9 0.7/1.2 -12 + 4.0 + 0.98
M 1303/1-2 0.94/1.22 9 + /9 1.3/1.6 -18 + 2.9 + 2.97
M 1309/3.4 0.70/0.16 9 + /9 + 1.1/1 .4 - 7 + 2.2 + 2.38
M 1310/1-2 0.82/0.38 9+/9 + 1.4/1 .4 -26 + 4.9 + 3.38
M 1315/1-2 1.9/3.7 9 + /9 1.0/1.3 -28 + 5.3 + 3.59
U 1334/2-3 6.6/11.6 7.5/7 2.3/2.9 - 4 +4.3 -0.24
U 1335/2-5 2.8/5.9 8/7 2.2/2.4 - 7 +4.6 + 1.43
S = Stockton, W = Webb/Baynes, M = Millerton, U = Upper Wainangaroa 
w = moisture suggests slightly weathered
Note: The signs + and - respectively indicate up-seam increases and decreases
Table A3.7: Data for multivariate analysis of relationship between changes in Initial 
swelling temperature (Al.S.T.) and changes in predictor variables volatile 
















































































































































































Table A3.8: Fluidity (log1QF) and Initial Swelling Temperature (I.S.T.) 
data used in Figure 7.3
S o s N
DH F .S . I . Ash H/C 0/C ;K 100 c X 100 1 x 100 C X 100
W1215/1 9++ 0 .88 0 .788 5 .3 1 .9 7,,2 1 .0
/5 9+ 1 .1 0 .746 5 .2 1 .2 7,.4 1 .0
1217/2 9+ 0 .58 0 .751 4 .6 0 .4 5.,0 1 .4
/  3 9+ 2 .3 0 .749 4 .2 0 .8 5..0 1 .3
/  4 9+ 1 .1 0 .736 4 .0 1 .6 5.,6 1 .1
1220/1 9+ 0 .21 0 .742 4 .7 0 .6 5.,3 1 .2
/  2 9++ 2 .4 0 .727 3 .9 1 .9 5,.8 1 .0
1225/1 9+ 1 .0 0 .731 4 .4 0 .4 4..8 1 .2
/  4 9+ 2 .4 0 .706 4 .2 0,.3 4..5 1 .2
1226/1 9+ 4 .0 0 .746 4 .4 0,.5 4..9 1 .1
/3 9+ 0 .51 0 .726 4 .7 0,.3 5.,0 1 .1
UG4/2 9++ 1,.9 0 .782 5 .2 0..4 5.,6 1 .1
/  4 9++ 6 .9 0 .790 4 .5 1,.4 5.,9 0,.9
UG8/1 9++ 0 .4 0..760 5 .6 0..7 6..3 1 .2
/  2 9+++ 3 .6 0..762 4 .2 2.,1 6.,3 1 .0
UG9/2 9+ 0 .31 0,.737 5 .0 0.,9 5. 9 1,.3
/  3 9++ 2 .7 0,.761 4 .1 1..9 6. 0 0,.9
S1203/1 9+ 1 .5 0,.770 4 .9 0.,3 5. 2 1,.2
/  2 9+ 7,.4 0,.766 4,.9 0.,3 5. 2 1,.1
1209/1 9+ 0 .86 0..758 4,.7 0.,5 5. 2 1..5
/2 9+ 1,.6 0,.762 4,.1 1.,5 5. 6 1..3
1211/1 9+ 0,.3 0,.756 4,.7 0.,4 5. 1 1..5
/  2 9+ 3..2 0..732 4,.0 1.,4 5. 4 1..1
W1243/1 9+ 1,.1 0,.744 4,.2 0. 9 5. 1 1..1
/  2 9+ 5,.0 0.,746 3,.8 1.,9 5. 7 0,,9
1239/1 9+++ 2..7 0..733 2..6 0. 7 3. 3 1..1
/  2 9+ 1,.5 0.,706 3..4 0. 5 3. 9 1.,1
1237/2 9+ 0,.74 0.,740 5..2 0.,7 5. 9 1..3
/  3 9+ 4,.0 0.,745 4.,3 1. 8 6. 1 1.,1
1231/2 9+ 0..56 0.,731 4..2 0. 6 4. 8 1.,3
/3 9+ 2.,1 0.,731 4.,2 1. 9 6. 1 1.,0
1228/3 9+ 0..5 0.,730 5.,0 0. 6 5. 6 1.,2
/  4 9+ 1..8 0.,729 3.,9 2. 1 6. 0 0.,9
UG2/1 9+ 1..2 0.,792 5..8 1. 1 6. 9 1..3
/  4 9++ 6..5 0.,780 5.,0 1. 6 6. 6 1.,0
Table_A3^9: Within-seam changes in atonic ratios in the Webb/Baynes 
area (plotted in Figure 9.12; minimum F.S.I. 9+. 
maximum ash difference 5.9%, mean ash difference 2.6%)
DH/Ply F.S.I. V  511 DH/Ply F.S.I. - V N(d.a.s
Millerton Webb/Baynes (high sulphur at top of seam)
1301/2 M 9+ 1.39 0.9 1223/1 T 9 2.62 1.21302/1 T 9++ 4.41 0.9 /2 B 9 1.60 1.31303/2 M 9 1.75 1.2 1238/1 T 9 2.67 1.21304/1 T 9 + 4.84 0.8 12 B 9 1.47 1.41307/3 M 8.5 1.51 1.1 1239/1 T g+ + + 1.64 1.11308/1 T 9 0.61 1 . 1 / 2 B 9+ 1.03 1.21390/5 B 9+ 0.89 1.0
1310/2 B 9+ 0.85 1.1 Webb/Baynes (low sulphur)
1313/1 T 9+ 4.27 0.9
1314/1 T 9 4.66 0.9 1225/1* M 9 + 0.76 1.21318A/1 T/M 9 + 0.87 1.1 /2* M 9 0.63 1.21317/2 B 9+ 0.98 1 .1 / 3* M 9 0.57 1.2
/4* M 9 + 0.54 1.2Millerton (CCI)
Webb/Baynes (low sulphur at base)
1316/2 M 8.5 0.86 1.1
1321/2 T 9 + 2.75 0.9 1216/1 T 9 + 0.96 1.21325/2 M 8.5 0.87 1.2 / 2 B 8.5 2.50 1.11327/1 M 8.5 1.25 1.1 1218/1 T 9 0.84 1.31329/2 B 8.5+ 0.95 1.2 /2 B 9 2.88 1.2
1220/1 T 9 + 1.38 1.3
Stockton / 2 B 9 + + 4.15 1.1
1228/3 T 9 + 1.27 1.2
1202/2 M 9+ 0.47 1.3 / 4 B 9* 3.53 1.0
1203/1 T 9+ 0.57 1.3 1229/1* T 9 1.33 1.3
/ 2 B 9 + 0.43 1.2 /2* B 9 3.45 1.0
1204/1 T 9 + 0.53 1.4 1231B/1* T 9 0.78 1.3
1207/1 T 9 0.83 1.4 ¡2* M 9 + 1.4 1.3
/ 2 B 8.5 2.08 1.1 / 3* B 9* 3.5 1.0
1209/1 T 9+ 1.06 1.6 1243/1* T 9 + 1.66 1.2
/ 2 B 9+ 3.17 1.3 12* B 9+ 3.53 1.0
1210/1 T 9 + 3.21 1.4 UG4/2* M 9+ 0.90 1.1
1211/1 T 9+ 0.80 1.5 /4* B 9+ + 2.92 0.9
12 B 9 + 2.73 1.1 UG8/1* T 9 + + 1.53 1.3
/2* B 9 + + + 4.33 1.0
Webb/Baynes (high sulphur at top and base of seam) UG9/2 M 9 + 1.94 1.4
/ 3 B 9^ + 3.95 1.0
1215/1 T 9 + 3.96 1 . 1
/ 4 M 9 + 1.58 1.2
/5 B 9+ 2.62 1.1
1221/1 T 9 + 2.38 1.2
/2 M 9 0.87 1.3
/3 B 9 3.18 1.2
1222/1 T 9 2.49 1.2
/2 M 9 1.13 1.2
/3 B 9 3.62 1.0
1236/1 T 9 + 2.87 1.1
/ 2 M 9 1.39 1.2
/3 B 9 2.30 1.1
1241/1 T 8.5 2.81 1 . 1
/2 M 9 0.99 1.3
/ 3 B 9 + 3.86 1.1
1217/1« T 8.5 1.70 1.3
/2* M 9 + 0.82 1.5
/4 * B 9 + 3.55 1.2
1237/1* T 8 2.42 1.2
12* M 9 + 1.51 1.3
/3* B 9" 3.26 1.2
UG2/1 T 9 2.43 1.3
/ 2 M 9 0.78 1.1
/ 4 B 9+ 3.18 1.1
UG7/1 T 9 * 1.95 1.3
/2 M 9 * 1.12 1.2
/3 B 9++* 3.46 1.0
Relative Positions of Plies: T = Top, M = Middle, B - Base
CCI - samples analysed by C.C.I., Australia; remainder analysed by C.R.A.N.Z. 
•samples not plotted in Figure 9.11 due to crowding
Table A3.10: Nitrogen and organic sulphur data
Iso-rank Serial Pairs F.S.I. Moisture s»—  u—
M i l le r t o n  1301/1 9+ 1.1 3.37
/  2 9+ 1.5 1.40
1302/1 9++ 4.2 4.46
/  2 9 1.3 2.10
1303/1 9++ 1.3 4.75
/2 9 1.6 1.78
1304/1 9+ 1.2 4.90
/  2 9+ 1.6 1.93
1309/3 9+ 1.1 3.26
/ 4 9+ 1.4 0.88
1315/1 9+ 1.0 4.55
/ 2 9 1.3 0.96
1317/1 9++ 1.0 5.11
/ 2 9 1.3 0.99
Webb/Baynes 1220/1 9+ 1.2 1.38
/ 2 9++ 0.8 4.15
1228/1 9+ 1.0 1.27
/ 2 9+ 0.8 3.53
1231B/2 9+ 1.2 1.40
/ 3 9 + 1.1 3.50
UG8/1 9++ 1.3 1.53
/ 2 9+++ 0.78 4.33
UG9/1 9+ 1.2 1.94
/ 2 9++ 0.84 3.95
1243/1 9+ 1.1 1.66
/ 2 9+ 0.80 3.53
Table A3.11: Data base for relationshiD between Moisture and






1213 2-7 1.8 M 7 0.941214 1-5 2.1 M 0.5 1.531215 1-5 1.9 S 0a 5.051217 1-6 1.8 M 2.3 2.871218 1-6 1.5 M 0.3 2.381219 2-7 1.8 M 1.0 3.041220 1-3 2.0 S 0a 4.04
1221 1-3 2.1 S 0a 4.24
1222 1-2 1.5 S 0a 4.32
1223 1-6 1.8 M 0.3 4.11
1224 1-3 1.5 M 2.0 1.44
1225 1-3 1.6 M 1.9 1.58
1226 1-2 1.5 M 0.5 1.18
1227 2-4 2.1 M 2.0 0.74
1228 1-2 2.2 M 4.0 0.96
1229 1-6 1.8 M 10.0 0.95
1230 6-12 2.1 M 11.5 0.70
1231 9-14 1.9 M 8.4 0.75
1232 3-8 1.8 M 5.6 0.80
1233 1-6 1.8 M 10 1.03
1236 2-4 2.1 M 4.3 2.69
1237 1-6 1.8 M 0.3 3.78
1238 1-6 1.8 M 0.3 4.59
1239 1-6 1.9 M 0.5 1.93
1240 1-3 2.1 M 1.0 3.75
1241 1-4 1.9 S 0 3.57
1242 1-6 1.8 M 0.8 1.88
UG2 + 2-4 1.8 * M 2b 2.89
UG3+ 2-7 1.8 M lb 0.90
UG4 + 1-3 1.6 M 13.4b 1.46
UG5+ 3-5 1.8 M 11.3b 1.12
UG7 + 1-3 1.8 M 4b 3.06
UG9+ 1-3 1.8 M 13.4b 1.68
aSandstone roof
bThese thicknesses are from closest adjacent drillholes of previous
drilling programmes. The samples were obtained from underground
workings by augering up into the roof of the seam.
Some drillholes were omitted for various reasons, e.g. seams too thin
and effects of high sulphur floor extend to the roof
Table A3.12: Data used in plot of Mudstone roof thickness and 
total sulphur content of upper 1.5-2.0 Metres of 
seaM where ash < 30% and sulphur has been adjusted 
to an ash free basis where A > 10% (See Figure 9.1) 
Total sulphur is based on cowposited plies.
PLATES
PLATE 1
Bedding and outcrop characteristics
(a) Dip-slope topography with incised creeks (see c) characteristic of 
the Buller Coalfield. Dip slope is generally near the top of the 
Brunner Coal Measures or the evenly bedded lithologies of the 
Millerton Sandstone. View from northern end of Mount William 
Range westward to Stockton and Webb Opencasts Mines and 
Mount Augustus.
(b) Evenly bedded Millerton Sandstone forming dip-slope 0.5 
kilometres north of Webb Opencast, Buller Coalfield.
(c) Vegetated creek (Plover Stream, Buller Coalfield) incised into 
dip slope. Note outcrop with horizontal bedding (h) and low 
angle cross-stratification associated with major scour (c).
(d) Amalgamated conglomerate units at the head of Conglomerate 
Stream near Mount Rochfort (Buller Coalfield). Note increasing 
proportion of sand (s) in lower conglomerate and that upper 
conglomerate (u) is relatively coarse. Bluffs are about thirty 
metres high.
(e) Distinctly bedded Brunner Coal Measures and Silvermine Sandstone 
and massive bluff forming units of Garibaldi Sandstone (G), 
Garibaldi Ridge, east of Karamea.
(f) Large-scale cross-beds (Is) , Silvermine Sandstone, Garibaldi 
Ridge. Note hominids (h) in foreground. Height of cross-beds is 
14 metres.
(g) Weathering contrasts in the Brunner Coal Measures between thick 
amalgamated sandstone units dominated by cross-bedding (cb, 
foreground) and evenly interbedded sandstone and mudstone (sm, 
background) in the vicinity of Burnetts Face, Buller Coalfield.
(h) Open cut mine, "Island Block", Garvey Creek. Note numerous thin 
beds of coal (C), normal faults (N), reverse fault (R) 
associated with folding, variable thickness of coal associated 
with coal flowage. Thick basal seam (seven metres) is at bottom 
left. Also note inclined epsilon cross-stratification, bottom right 
(ECS, see also Figures 6.2 and 6.5).
(i) Thick scrub covered sandstone/grit units(S), in the lower part of 





(a) Cross-bedded conglomerate (Gp) overlain by relatively coarse 
massive conglomerate (Gm). Height of cross-beds is about three 
metres. Locality Conglomerate Stream, Buller Coalfield.
(b) Cross-bedded conglomerate (Gt). Height of cross-beds 0.7m. 
Hammer 32 centimetres. Conglomerate Stream, Buller Coalfield.
(c) Large-scale cross-beds (Sp). Height of cross-beds sets is 1.5 - 
2.0 metres. Millerton-Webb/Baynes area, Buller Coalfield.
(d) Cross-beds (St) toward top of upward fining cycles. Height 0.1 
- 0.25 metres. Vicinity of Mt. William Mine, Buller Coalfield.
(e) Large-scale cross-beds (very coarse sandstone; v) directly 
overlain by laminated silty fine sandstone. Cross-bed height 
two metres. Vicinity of Escarpment and Whareatea Mines, Buller 
Coalfield.
(f) Epsilon cross-stratification (e) in unit directly overlying 
Mangatini Seam Member, Webb Opencast, Buller Coalfield. Cross­
beds are approximately three metres thick and are capped by 
massive rootlet bearing sandstone (r).
(g) Cross-stratification (Ss), asymetrically filling scour. Hammer 
32 centimetres long, is oriented along scour axis. Near road to 
Mt. William Mine, Buller Coalfield.
(h) Scour fill cross-stratification (Ss), in fine pebbly grit with 
coarse sandy beds highlighting stratification. Hammer (t) 32 
centimetres long. Depth of scour 0.7m. Near road to Mt. 
William Mine, Buller Coalfield.

Plate III Large-scale cross-beds (Sp, St and Ss).
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Plate IV Panoramic view of highwalls of 
Webb Opencast and inclined 
bedding of compaction origin.
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Plate V
Large-sca le  c ross-beds (epsilon, Ss and/or St).

Plate VI Small-scale Gilbert delta.

Plate VII Sm all-scale Gilbert delta


Fossils and trace fossils.
(a) Mussels (m), both valves, four centimentres long. From mudstone 
above coal seam, Brunner Coal Measures, Escarpment Mine.
(b) Gastropods (g), with involute spiral. Coin 2.2 centimetres.
Mudstone unit in Brunner Coal Measures on track to Mount 
Rochfort. (New Zealand Fossil Records K29 f98, f98A, fl20,
f 121).
(c) Nautiloid (?;N), transverse section. Thick mudstone unit in
Millerton Sandstone, Millerton Fire area. Lens cap five
centimentres.
(d) Nautiloid (?;N). Thick mudstone unit in Millerton Sandstone. 
Millerton Fire Area. Lens cap five centimetres.
(e) Carbonaceous hash filling knobbly exterior of Ophiomorpha (k), 
burrow, Millerton Sandstone. Lens cap five centimetres.
(f) Close-packed vertical tubes (v), uppermost Millerton Sandstone. 
Lens cap five centimetres.
(g) Ophiomorpha (o) and other burrows defined by carbonaceous hash 
and silt in Millerton Sandstone. Aerial view of bedding plane. 
Lens cap five centimetres.
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PLATE IX
Sedimentological features, various coalfields.
(a) Mud laminated sandstones (Sh/Sr). Ripples (r, out of focus) and 
rootlets, Island Block, Garvey Creek. Lens cap is five 
centimetres wide.
(b) Trough cross-stratified sandstone (t), Island Block, Garvey 
Creek, Hammer 32 centimetres long.
(c) Mud-laminated bioturbated sandstone (ml), Island Sandstone, 
Birchfields Opencast Greymouth Coalfield. Note thick mud 
laminae on cross-beds (cb). Hammer 32 centimetres.
(d) Burrows (b) in top of Brunner seam, Birchfields Opencast, 
Greymouth Coalfield.
(e) Layering in sub-bituminous coal at McLaughlins Opencast 
(Charleston) that reflects weathering differences (that in turn 
may reflect subtle differences in lithotype seen in many 
lignites). Layers of similar weathering characteristics 
indicated by x and z.
(f) Brunner coal seam near Charleston. Note mudstone split (m) 
toward top of seam and sandstone with large-scale cross-beds
( S p ) .
(g) Intense bioturbation, characteristic of Island Sandstone, 
Birchfields Opencast, Greymouth Coalfield. Lens cap five 
centimetres.
(h) Sandstone split in coal seam. Redjacket Mine, near Charleston. 
Sandstone split thins to L.H.S. of photograph. See Figure 6.20A.
(i) Coarse sandstone with mud clasts (m) and carbonaceous lamination 
(1) lining scours, overlain by very coarse sandstone/grit (v) 
comprising basal part of overlying upward fining cycle. Units 




Photomicrographs (a-i) of Brunner coals and resinous bands in 
sub-bituminous coal, Charleston (j).
(a-f) Brunner coals with low, intermediate and high exinite contents.
(a) Low exinite coal, Millerton area, Buller Coalfield. Minor 
liptodetrinite. Exsudatinite vein. RQmax V0 of sample in same 
seam intersection 0.5 metres away = 0.85%. Field of view 0.28 
millimetres. Plane polarised light. UW 20428. Photograph A.C. 
Cook.
(b) As for (a) in fluorescence mode.
(c) Intermediate exinite coal, Charming Creek, Buller Coalfield 
Resinite sporinite, liptodetrinite and minor inertinite in 
detrovitrinite matrix. RQmax VA in sample from same locality = 
0.73%. Field of view 0.28 millimetres. Plane polarised light.
UW 8953.
(d) As for (c) in flurorescence mode.
(e) High exinite coal, Greymouth Coalfield. Abundant liptodetrinite
and sporinite. RQraax Vc = 0.60%. Field of view 0.28
millimetres. Plane polarised light. UW 6886.
(f) As for (e) in fluorescence mode.
(g) Telovitrinite bands with abundant resinous cells, Webb/Baynes 
area, Buller Coalfield. These are inter-gradational in 
appearance with corpovitrinite. RQmax VA = 1.10. Field of view 
0.28 millimetres. Plane polarised light. UW 20535.
(h) As for (g) in fluorescence mode.
(i) Active oil cut emanating from crack in coal with RQmax = 0.97%, 
Millerton area, Buller Coalfield. Field of view 0.28 
millimetres. Fluorescence mode. UW 20429. Photograph A.C. 
Cook.
(j) Resinite and vitrain bands in sub-bituminous coal at Charleston. 
Pen is 13 centimetres long.
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PLATE XI
Photomicrographs of Brunner coals.
(a) Exsudatinite in plane polarised light_, Cliff side Mine, Greymouth 
Coalfield. Note auto-fluorescence. RQmax Vc = 0.38. Field of 
view 0.34 millimetres. UW 6804.
(b) As for (a) in fluorescence mode.
(c) Suberinite (s) with eye-like fluorinite. Pyrite (p),
Birchfields Opencast, Greymouth Coalfield. RQmax WQ of adjacent 
samples is 0.62%. Field of view 0.23 millimetres. Plane 
polarised light. UW 6863.
(d) As for (c) in fluorescence mode.
(e) Resinite filled cell lumens and fluorinite, Cliffside Mine, 
Greymouth Coalfield. RQmax Vc of adjacent sample is 0.62%. 
Field of view 0.34 millimetres. Fluorescence mode. UW 6820.
(f) Resinite in suberinous tissue (similar to c), Birchfields 
Opencast, Greymouth Coalfield. RQmax Vc of adjacent sample is 
0.62%. Field of view 0.23 millimetres. Fluorescence mode. UW 
6860.
(g) Resinite (r), Charming Creek, Buller Coalfield. RQmax of
adjacent sample is 0.73%. Field of view 0.23 millimetres. Plane 
polarised light. UW 8953.
(h) As for (g) in fluorescence mode. At lower rank resinite of this 
form has a green fluorescence which may bear some superficial 
resemblance to some alginite.
(i) Resinite filling cell lumens, Cliffside Mine, Greymouth 
Coalfield. Field of view 0.34 millimetres. Fluorescence mode. 
UW 6820.
(j) Zoned resins, Charming Creek, Buller Coalfield. Field of view 
0.28 millimetres. Fluorescence mode. UW 8953

PLATE XII
Photomicrographs of Brunner coals.
(All photographs in plane-polarised light)
(a) Oxidation cracks. Stockton. RQmax VB = 1.07. Field of view
0.29 millimetres. UW 20526.
(b) Fusinite, Stockton, Buller Coalfield. Field of view 0.46
millimetres. UW 18944.
(c) Sclerotinite, teleutospores, inertodetrinite, semifusinite,
resins and spores in inertinite and exinite rich bands, Fletcher 
Creek. RQmax from sample, same locality = 0.35*. Field of 
view 0.35 millimetres. UW 21684.
(d) Telovitrinite with infilled cell lumens. Some cells have a high 
reflecting vitrinite (H; or primary semi-fusinite) Garvey 
Creek. RQmax Vc = 0.49*. Field of view 0.23 millimetres. UW 
20377.
(e) Corpovitrinite and wisp-like inertodetrinite, Garibaldi Ridge. 
RQmax VA = 0.75*. Field of view 0.35 millimetres. UW 8906.
(f) Telovitrinite and detrovitrinite. Fine detrital nature of
detrovitrinite emphasised by presence of detrital clay 
separating vitrinite grains. Millerton. RQmax Vc = 0.93*.
Field of view 0.29 millimetres. UW 21048.
(g) Micrinite bands (m) in telovitrinite, Heaphys Mine, Buller
Gorge. Field of view 0.20 millimetres. UW 21687.
(h) Corpovitrinite (c), minor liptodetrinite and sclerotinite.
Detrital aspect emphasised by presence of detrital clay 
separating corpovitrinite grains. Mount Davy, Greymouth. 




Photomicrographs of Brunner coals.
(All photographs in plane-polarised light)
(a) Layer of corporvitrinite (c). Dark eye-like intergranular blebs 
are fluorinite. Garvey Creek Coalfield, Reefton. RQmax Vc = 
0.49%. Field of view 0.23 millimetres. UW 20377.
(b) Telovitrinite (T) and detrovitrinite with abundant cutinised 
vitrinite particles. Garvey Creek. RQmax Vc = 0.49%. Field of 
view 0.29 millimetres. UW 20377.
(c) Layers of relatively coarse corpovitrinite, resins and
liptodetrinite interbedded with detrovitrinite and very finely 
divided liptodetrinite. Birchfields Opencast, Greymouth. 
R0max Vc of adjacent sample 0.62%. Field of view 0.23
millimetres. UW 6840.
(d) Alternating exinite-rich and exinite-poor layers. Birchfields 
Opencast, Greymouth. RQmax Vc of adjacent sample 0.62%. Field 
of view 0.29 millimetres. UW 6843.
(e) Telovitrinite bands with high (H) and low (L) reflecting
corpovitrinite. Garvey Creek. RQmax Vc of adjacent sample = 
0.66. Field of view 0.46 millimetres. UW 18943.
(f) Telovitrinite band with resinous corpovitrinite (RC). Garvey
Creek. RQmax Vc = 0.49%. Field of view 0.46 millimetres. UW
20377.
(g) Detrovitrinite (D) with sparse liptodetrinite and telovitrinite 
layer (T) comprised of corpovitrinite-1ike vitrinite. Field of 
view 0.29 millimetres. UW 18944.
(h) Telovitrinite of rootlet origin cross-cutting bedding as
indicated by oriented detrovitrinite and liptodetrinite grains. 
Garvey Creek. R0max Vc = 0.49%. Field of view 0.56
millimetres. UW 20377.

